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cannabis news focus
Evidence Grows for CBD
as Potential COVID-19 Treatment
Madeline Colli

CANNABIS HAS RECENTLY found its way onto the list of potential
COVID-19 treatments as researchers are examining both cannabis terpenes and cannabis-derived cannabidiol (CBD). It is assumed that
these alternative options may be able to offer some health benefits to
those individuals experiencing severe symptoms (1). It is theorized that
CBD may be able to reduce Angiotensin converting enzyme 2 (ACE2)
expression and pro-inflammatory cytokine production to help combat
lung inflammation and be used as an antiviral. Unfortunately, there
have been very few studies orchestrated to test these theories.
However, new evidence is emerging that is strengthening the case for
CBD. Researchers at Augusta University (Augusta, Georgia) led by Babak Baban, PhD, Department of Oral Biology and Diagnostic Sciences,
DCG, DCG Center for Excellence in Research, performed a study proposing that CBD could provide positive results for acute respiratory distress
syndrome (ARDS) which is seen in severe patients of COVID-19 due to an
overactive inflammatory response (2). ARDS can also be referred to as
“cytokine storm.”
The researchers suggested that CBD may offer some benefits to help
reduce pro-inflammatory cytokine production by reducing specific cytokines like interleukin (IL)-6, IL-1B, and IL-17. With those cytokines targeted, inflammation may be brought down, ending the respiratory
distress and preventing further damage. The results from Augusta University’s study backed this theory.
To perform this study, researchers used mice that were given a treatment called Poly (I:C) which artificially induced ARDS, recreating the
symptoms seen in severe cases of COVID-19. The “cytokine storm” also
produced structural damages to the lungs of the mice subjects. Once
the mice experienced these symptoms and were in respiratory distress,
they were given CBD. The results after getting CBD proved that it could
be a powerful tool in treating ARDS. “These symptoms were totally or
partially reversed and returned to the level and condition of normal after treatment with CBD,” said the study authors (1).
Since this is an early study, more research needs to be performed,
particularly on human subjects with COVID-19 related ARDS to validate
and expand this therapeutic strategy. ■
To read the full news piece on this subject, please visit: https://www.cannabissciencetech.
com/view/evidence-grows-for-cbd-as-potential-covid-19-treatment.
REFERENCES
(1) https://www.forbes.com/sites/emilyearlenbaugh/2020/07/15/cbd-for-coronavirusnew-study-adds-evidence-for-cannabis-as-covid-19-treatment/#36369640382d.
(2) H. Khodadadi, É. Lopes Salles, A. Jarrahi, F. Chibane, V. Costigliola, J.C.
Yu, K. Vaibhav, D.C. Hess, K.M. Dhandapani, and B. Baban, Cannabis and
Cannabinoid Research, https://doi.org/10.1089/can.2020.0043.
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Cannabis Science and
Technology® Partners with
AOAC’s Cannabis Analytical
Science Program to Host
Quarterly Webcasts
Megan L’Heureux and Madeline Colli

CANNABIS SCIENCE AND TECHNOLOGY® is excited to announce a webcast partnership with the
Association of Official Analytical Collaboration
(AOAC INTERNATIONAL) Cannabis Analytical Science Program (CASP). The partnership will include quarterly webcasts spotlighting CASP’s
three working groups, which are developing
standards for cannabinoids levels, chemical
contaminants and pathogens in cannabis, marijuana, and hemp.
The first webcast presentation will focus on
the cannabinoid working group and is planned
for September 2020.
“We see tremendous value in the work that
CASP and AOAC bring to the cannabis community,
and we support their mission to develop standards and methods,” said Mike Hennessy Jr., president and CEO of MJH Life Sciences™, parent company of Cannabis Science and Technology®.
“Developing globally recognized scientific
methods for validating the safety, potency, and
label claims of consumer cannabis products is
critical to protecting public health,” said Scott
Coates, program lead for CASP. “As one of the
world’s most trusted leaders in consensus scientific standards for food safety, AOAC is uniquely
placed to play this role.”
Cannabis Science and Technology® also is excited to present an e-book summarizing these
webcasts, as well as key interviews and new content with thought leaders.
“As our partnership grows, we hope to help
CASP find more volunteers for their working
groups developing sound scientific methods that
are so important to earning public confidence in
the cannabis industry,” said Stephanie Shaffer,
group publisher of Cannabis Science and Technology ® and Spectroscopy® magazines.
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cannabis news focus
FDA Releases Cannabis Research Guidelines
Madeline Colli

THE U.S. FOOD and Drug Administration (FDA) recently released a
draft guidance on developing cannabis-based drugs (1). These guidelines
come weeks after the White House announced it had completed reviewing
the draft guidance (2). The new document (1) mentions that the guidance
is “limited to the development of human drugs and does not cover other
FDA regulated products.”
The draft documentation is meant
to provide an outline for drug

manufacturing. The agency is currently
still working on developing guidelines
that will allow cannabidiol (CBD) to be
marketed and sold as a food item or
supplement. CBD has increased in popularity in recent years because of its potential for treating medical conditions.
In the new draft guidance, there is
an emphasis on THC testing, mentioning that investigators and sponsors
may find it beneficial to calculate the
level of delta-9 tetrahydrocannabinol
(THC) early in the development process

of their proposed investigational drug
product so that they can gain better insight into the potential control status.
The document also provides step-bystep guidance on how to test for THC
on a dry weight basis according to the
FDA’s standards (3).
To read more, please visit:
https://www.cannabissciencetech.com/view/
fda-releases-cannabis-research-guidelines.
REFERENCES
(1) https://www.fda.gov/regulatory-information/
search-fda-guidance-documents/cannabisand-cannabis-derived-compounds-qualityconsiderations-clinical-research-guidance-industry.
(2) https://www.marijuanamoment.net/white-housecompletes-review-of-cbd-guidance-from-fda/.
(3) https://www.cannabisnewswire.com/420-with-cnwfda-finally-releases-cannabis-research-guidelines/.
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cannabis analysis

A Proposed Representative
Sampling Plan for Hemp Grows
By Brian C. Smith

Hemp is a naturally variable, inhomogeneous material. Analyzing one or
a few cuttings from a grow will not give data representative of a field. Here
I propose a scientifically based representative sampling plan for hemp
grows detailing how to collect composite samples, how many to collect,
and how to analyze them. I want this industry to commit itself to the goal
of analyzing one plant per 1000. Technologies available to handle the
resultant increased sample load are reviewed.

W

ith passage of the 2018 Farm
Bill and promulgation of the
United States Department of
Agriculture’s (USDA) interim
final rule in October 2019, it is now legal
to grow hemp provided the total tetrahydrocannabinol (THC) level in dried plant
material does not exceed 0.3% dry weight
(1–3). To enforce this law, extensive testing of hemp crops is being performed
around the country by state departments
of agriculture. The USDA has issued a
sampling guidelines document (3). The
USDA sampling document defines a “lot”
of hemp plants as a (3) “…contiguous area
in a field, greenhouse, or indoor growing
structure containing the same variety or
strain of cannabis throughout.”
My concerns with this sampling plan
are noted below, along with my proposal for an improved hemp representative sampling plan. First however, we
must address the topic of sampling error,
something a good representative sampling plan tries to minimize.

Introduction to
Sampling Error
The entirety of anything that we wish to
sample, be it all the people in the US or
all the plants in a hemp grow, is called
a population (4). In a perfect world, we
would measure the quantity of interest

10

in the entire population. For example,
asking the opinion of everyone in the US
for a poll, or analyzing every hemp plant
in a field. However, this is impractical
given the enormity of the task. Instead,
we choose a subset of the population
from which to collect data, for example,
we could choose to ask 1000 Americans
their opinion for a poll or choose to
analyze one plant per 1000 in a hemp
grow. Sampling error rears its ugly head
because there is always a chance the population subset we choose to analyze will
not give us the same result as if we had
analyzed the entire population.
Sampling error is different from the
random error discussed in a previous
column (5). Random error is caused by
things we have no control over such as
instrumental and environmental fluctuations. Random error is minimized by
more and better testing (5). When testing a hemp field then for cannabinoid
content, the amount of error in the final
measurement is a combination of random error and sampling error (assuming
systematic error is zero [5]).
I am not a statistician but a chemist,
so I refer you to these references if you
desire a detailed mathematical treatment of margin of error and population
subset size (6,7). However, everything
I have read on the subject points to the

cannabis science and technology ®  |   vol 3. no. 6
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same conclusion: the way to minimize
sampling error is to maximize the size of
the population subset that is analyzed.
Intuitively this hopefully makes sense.
There are more than 300 million people in the United States. When running
an opinion poll, the more people you talk
to the better the chances you will gather
data that is representative of the nation.
When it comes to hemp fields, when taking one or a few cuttings there is a high
chance that the plants sampled are not
representative of an entire grow. The
way around this is to analyze as many
hemp plants in a field as is practicable.
The limiting factor in performing representative sampling for hemp field testing is time and expense. Therefore, we
must find a happy medium between minimizing sampling error while not generating an inordinate number of samples
for testing. I believe the best compromise
here is achieved if we test one hemp plant
per 1000 in a field. I want our industry to
commit itself to this testing goal.

The Current State of
Hemp Sampling Plans
The USDA hemp sampling document (3)
presents equations for calculating the
minimum number of cuttings to collect
in a lot. Example calculations are given
and are summarized in tables showing the
minimum number of cuttings to collect
based on the acreage of hemp plants. In
the examples given, one cutting per acre
or less is collected per lot. The document
calls for compositing all cuttings into a
single sample. Typically, one aliquot of
this composite sample is tested (8–10).
The following sections summarize my
concerns about this approach.
cannabissciencetech.com
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Tacit Assumptions

The calculations for the minimum
number of cuttings to collect are based
on this assumption (3): “…the proportion of hemp plants having THC content
greater than the acceptable hemp THC
level…are based on past experience in
the same or similar growing areas.”
The example calculations assume the
proportion of hot hemp plants is 0.01 (3).
One problem with this assumption is
that in some areas of the country hemp
is being planted for the first time this
year, so the needed historical data does
not exist. Additionally, since it only became legal nationwide to plant hemp as
of January 2019 (1), there is little historical data for the rest of the country upon which to base an assumption
of the proportion of hot plants. Lastly,
even if we had enough historical data,
given the vicissitudes of the weather, every growing season is going to
be different in every area. Absent any
peer-reviewed data to the contrary, I do
not believe it is safe to assume that any
given growing season will be predictive of
any future growing season. Rather than
basing a sampling scheme assuming we
know the proportion of hot plants, would
it not make more sense to measure that
proportion of hot plants instead?

Population Size Matters

My concern here is that, on average,
the USDA sampling document calls for
collecting one cutting per acre or less (3).
The problem is that hemp farmers plant at
different densities. For example, Farmer x
may grow 2000 plants/acre, while Farmer
y may grow 4000 plants/acre. Remember
that the population being sampled is the
hemp plants, not the area of the field they
occupy. Basing the number of samples to
collect based on acreage is like choosing
the number of people to include in an
opinion poll based on a state’s area. Using
this logic, you would talk to more people
in Alaska rather than New Jersey for a
poll, even though New Jersey has 12 times
as many people as Alaska (11).
cannabissciencetech.com
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Figure 1: An example of how CBDA
content can vary across a hemp plant.
~10%CBDA
Take Cutting
Here

~8%CBDA
Take Cutting
Here

~5%CBDA
Take Cutting
Here
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Ultimately, I believe that the plant
parts sampled need to reflect how the
crop will be harvested. For smokable
hemp, the buds are the article of commerce, which means that harvesting
the top 1/3 of the plant may be appropriate for this type of harvest. However, when growing hemp for extraction, the entire plant may be ground up
and utilized. In this case cuttings from
the top, middle, and bottom would be
appropriate.

Composite Samples
Are Not Necessarily Uniform

Our goal should be to achieve the
same level of sampling error for all lots
analyzed. To do this, the number of
samples to collect needs to be determined by the number of plants in a plot,
not their acreage. In our examples then,
and following the goal of sampling one
plant per 1000, Farmer x’s plot should
be sampled at a rate of 2 plants/acre,
while Farmer y’s plot should be sampled
at a rate of 4 plants/acre. Only by basing
the sample size on the number of plants
in a plot can we assure the best representative sample is obtained.

Location, Location, Location

Where on the plant should we collect
cuttings? The USDA sampling document
states that cuttings are to be taken from
the top 1/3 of the plant (3). Work by myself
and others has clearly shown that cuttings
from the same hemp plant vary in cannabinoid content (12) as seen in Figure 1.
The top of a hemp plant normally has
the highest cannabinoid content, and
hence only collecting plant tops means a
sample will be collected that will be biased towards containing more THC than
the field in general. This makes it more
likely that its total THC content will be
above 0.3% and that the farmer will lose
his crop.

The USDA’s sampling document calls
for compositing all the cuttings from a
lot into one sample (3).
There are two problems with this.
First, the regulations assume that
every composite sample is homogeneous. Where is the peer-reviewed science on this? A simple visual inspection
of ground hemp samples will show they
are not uniform. In my own experience,
I have found that composite samples
are not uniform. I have taken composite hemp samples and had their cannabinoid content measured in triplicate at
an ISO licensed, state certified laboratory (13). I found cannabinoid concentration variation across the samples
well above the margin of error as reported by the laboratory, which means
these composite samples were not homogeneous, and that sampling error exists for composite samples.
The second problem with composite samples is only testing them once.
This assumes the sample is uniform.
Wouldn’t it be better to test multiple aliquots and reduce the sampling error
rather than only testing one aliquot and
assuming the sampling error is zero?
When it comes to science, I strongly feel
that actual measurements are always
better than assumptions. At minimum
three aliquots of composite samples
should be tested and an average and a
standard deviation calculated to get a
handle on the sampling error.
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Consistency Matters

Another concern I have is that different
states are sampling in different ways (8-10).
Some states only collect a specific number
of cuttings regardless of grow size. Some
states are using sampling based on acreage
and not number of plants. Some states give
specific details on how to walk a field and
collect samples, but there is no agreement
on what pattern to walk. Lastly, some states
are testing using liquid chromatography
(8,9), while others are using gas chromatography (10). Until there is nationwide standardization on how to collect and analyze
hemp samples, different states will obtain
different results on the same samples.

A Proposed
Hemp Representative
Sampling Plan
Patricia Atkins and I have written in this
journal on the importance of representative sampling in cannabis testing (14,15).
I offer here my representative sampling
proposal for hemp. This proposed plan
does not necessarily conform with
regulations promulgated by the USDA or
any state’s department of agriculture. My
proposal is based on my understanding
of statistics, my 30+ years experience in
chemical analysis, and my PhD in physical chemistry.
The gist is this. Rather than assuming we know the proportion of hot plants,
why not use statistical sampling techniques to generate enough data to get
an excellent estimate of the average total THC value for a hemp lot? Rather than
only collecting one composite sample per
lot, assuming that sample is uniform, and
then only testing it once, why not collect multiple composite samples from a
lot, test each of them multiple times, and
maximize the amount of data we have on
a lot minimizing the sampling error?

How Many Samples
Should Be Collected?

The number of samples to collect from any
given lot needs to be based on the number
of plants in that lot as the plants are the

12

population we are testing and care about. I
want our industry to commit itself to sampling one hemp plant per 1000 planted.

How Do You Choose
Sampling Locations?

My own instinct on this is that sampling
locations should be chosen randomly.
This is to make sure that location does not
bias the sample. For our 10,000 plant example plot this means 10 locations should
be chosen at random. However, there is
work indicating that collecting samples
according to a pattern is a good idea as
well (15). I am persuadable on what might
be the best approach here.

What Parts of the
Plant Should Be Sampled?

Research has shown that the cannabinoid content from different parts of the
same plant varies appreciably (Figure 1).
As stated above, the portion of the plant
tested should correspond to how the plant
will be harvested. If only plant tops are to
be harvested, then only plant tops should
be tested. If the entire plant is to be harvested then cuttings from the top, middle,
and bottom of plants should be collected
and tested.

How Many Plants per
Sampling Location?

Since cannabinoid content varies from
plant to plant, taking a cutting from only
one plant at a given location might not be
representative of that spot. To overcome
this problem, cuttings from three plants
at a given location should be collected to
obtain a more representative sample. If
harvesting just plant tops, the upper 1/3 of
nine plants from a given location should
be sampled. If harvesting the entire plant,
then a cutting from the top, middle, and
bottom on each of three plants for nine
cuttings total should be collected. The
cuttings from a given location should be
combined to comprise a composite sample
representative of that spot. For a 10,000
plant hemp lot then, 10 composite samples
should be collected from 10 locations.
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Sample Preparation

The law clearly states that dried hemp
is the material to be tested. In my own
work I dry hemp cuttings at 140 °F in a
standard food dehydrator overnight. This
gets the material down to about 5% moisture. I grind about 5 g of dried cuttings in
a coffee grinder for 1 min to homogenize
the sample. There are other ways of drying and grinding hemp. I welcome input
on this. The most important thing is that
we, as an industry, standardize how we
prepare hemp samples for analysis (16).

How Many Aliquots of Each
Sample Should Be Tested?

The problem with compositing all the
cuttings from a lot and testing only
one aliquot were discussed above. At
minimum, any composite sample should
be tested three times and the results
averaged to obtain a more representative picture of the composite. Using our
example then, each of the 10 composite
samples should be tested three times for
a total of 30 data points.

Analyzing and
Reporting the Data

For a given hemp lot, the average total
THC value for a lot should be calculated.
For our example hemp plot, this would
mean calculating the average of 30 values. The standard deviation (17) of these
values should be calculated as well. This
number is a measure of the variance in
the data, and it is important because it
takes into account sampling error.
The “acceptable hemp THC level” as defined by the USDA is calculated by adding
the margin of error for total THC for a given method to 0.3 wt. % total THC (2). For
example, if the margin of error is 0.04 wt. %
for an analyzer (18), the acceptable hemp
THC level for this analyzer would be 0.34%.
If the average total THC value for a given
lot is within a 95% confidence interval (17)
of the acceptable hemp THC level for an
analyzer, it should be considered legal. For
hemp with total THC values above this level
it should be considered illegal.
cannabissciencetech.com
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How Often Should You
Analyze Your Grow?

For compliance purposes the law states
that a hemp grow should be sampled
within 15 days of harvest (1,2). However,
for the purposes of managing a hemp
grow to maintain compliance, I recommend farmers sample and test their
crops more often. One approach is to
begin testing about halfway through the
growing season, and to test a lot once
per week. I highly recommend tracking
your results over time to spot trends. As
harvest approaches, sampling a couple of
times a week is a good idea.

How Do We Handle
the Sample Load?
For our 10,000 plant plot, I recommended collecting 10 composite samples and
performing 30 analyses total. Sending these
samples out to a third party laboratory is
not practical because it can take weeks to
get results and may cost thousands of dollars to analyze one weeks’ worth of samples.
This means that hemp farmers need to
perform their own testing to manage their
grows to maintain compliance.
In a previous column, I compared different technologies for cannabis potency testing (19) using the criteria of speed,
accuracy, cost, and the ability to perform
representative sampling. By necessity, any
technique that is going to be used for representative sampling must be fast, easy, and
inexpensive to make handling the representative sampling analysis load feasible.
I showed (19) that chromatography can
accurately analyze a given sample but it
is slow and expensive to use. As a result,
it is not amenable to representative sampling. Another problem with chromatography is its difficulty of use, which is why
some states require degreed scientists to
run these instruments (19). I believe these
problems with chromatography are why we
are not performing proper representative
sampling in this industry.
Spectroscopy is fast and inexpensive, but because it is a secondary technique it is not necessarily as accurate as
cannabissciencetech.com

CST0720_10_Cannabis_Analysis.indd 13

chromatography (20). There exist spectroscopic analyzers capable of an accuracy or ±0.04 wt.% accuracy for the determination of total THC in dried, ground
hemp (18). Since this is several times lower than the legal total THC limit of 0.3%,
these analyzers are of sufficient accuracy to measure total THC in hemp. This
technology is fast enough, inexpensive
enough, and accurate enough to handle
the sample load required to allow true
representative sampling of hemp lots for
farmers and regulators.
For state departments of agriculture,
I recommend a two-tier approach to efficiently handle the sample load necessitated by proper representative sampling.
Infrared spectroscopy could be used as
an initial screen of samples. If a lot tests
as being legal that is the end of it. If a lot
tests hot, samples should be subsequently tested by chromatography to confirm
the analysis. The advantage of this approach means that time and money are
not wasted analyzing legal samples by
chromatography.
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(4) https://en.wikipedia.org/wiki/Population.
(5) B.C. Smith, Cannabis Science and
Technology 1(4), 12–16 (2018).
(6) https://en.wikipedia.org/wiki/Sampling_error.
(7) https://en.wikipedia.org/wiki/
Sample_size_determination.
(8) https://agriculture.delaware.gov/
plant-industries/hemp-program.
(9) Massachusetts State Hemp Plane, Massachusetts
Department of Agricultural Resources,
Submitted to USDA March 9, 2020.
(10) Kentucky Department of Agriculture
Standard Operating Procedure KDAHEMP-20190204-1, issued Feb. 4, 2019.
(11) https://en.wikipedia.org/wiki/
List_of_states_and_territories_of_the_
United_States_by_population.
(12) M. Giese, M. Lewis, L. Giese, and K.
Smith, J. AOAC Intl. 98, 1503 (2015).
(13) www.sclabs.com.
(14) B.C. Smith, Cannabis Science and
Technology 2(1), 14–19 (2019).
(15) P. Atkins, Cannabis Science and
Technology 2(2), 26-34 (2019).
(16) B.C. Smith, Cannabis Science and
Technology 3(2), 10–15 (2020).
(17) https://en.wikipedia.org/wiki/

Conclusions

Confidence_interval.

There is natural variability amongst hemp
plants, hence their grows need to be sampled in a representative manner. There are
issues with how hemp fields are currently
sampled. Here I propose that one plant
per every 1000 should be analyzed. This is
a reasonable compromise between minimizing sampling error and not generating
an overwhelming number of samples to
test. How to collect, prepare, analyze the
samples, and report the data was discussed. Technologies available to handle
the increased sample load resulting from
representative sampling were covered.
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Exploring the Chemical Makeup
of Cannabis Extract by Method
By Lo Friesen

This article reviews the chemical makeup of cannabis extracts and how they affect the human body.
From terpenes to cannabinoids, this article takes a deep dive into the chemistry of cannabis extracts.
It also demonstrates the opportunity for discovery and what we have yet to uncover.

C

annabis is widely known for
tetrahydrocannabinol (THC)
and cannabidiol (CBD), two
prominent compounds found
in relatively high concentrations in
the flowers of Cannabis Sativa (1). As
the legal cannabis industry develops,
product offerings have expanded exponentially. Smoking cannabis flower
is no longer the only option available
to consumers, though it does maintain its position as the majority of
product sales (Figure 1).
Cannabis extraction has emerged as
the gateway to product development.
Various solvents are used to produce a
number of different cannabis extracts,
which can be sold as inhalable products or used to infuse ingestible and
topical products. The chemical profi le
of the extract is dependent on the solvent used during the extraction, the
parameters used during the extraction,
as well as the input material.

Method-by-Method
Chemical Analysis
Ethanol Extracted
Cannabis Extracts:

Ethanol extraction (2) is optimal for efficient cannabinoid extraction. The solubility of ethanol allows for all grades
of cannabis plant matter to be used
in the extraction, with nearly 100% of
cannabinoids able to be extracted within 20 min. However, by optimizing for

14
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cannabinoids this extraction method
sacrifices terpenoids, flavonoids, and
other light compounds within cannabis
that are lost in the process.

Warm or Room Temperature
Ethanol Extracts

Warm or room temperature ethanol
extracts contain:
⦁ Cannabinoids (THC, CBD,
cannabigerol [CBG], and so on)
⦁ Plant pigments such as
chlorophyll and carotenoids
⦁ Plant waxes
Because of the plant pigments and
waxes, further refi nement is necessary
to remove these undesirable by-products. In turn, there is more loss of the
delicate flavonoids and terpenoids
leaving a highly concentrated extract
full of phytocannabinoids. Some higher temperature ethanol extraction simultaneously decarboxylates the tetrahydrocannabinolic acid (THCA)
turning it into THC. While we know
the aforementioned compounds are
found in the extract, we are still unsure of about 20–40% of the chemical
makeup of cannabis extract depending on the cannabinoid potency. It is
thought that warm or room temperature ethanol extracts are full of medically beneficial compounds and are
best used in tinctures, capsules, and
sublingual products.
vol 3. no. 6

Cryogenic Ethanol Extracts

Cryogenic ethanol extracts contain:
⦁ Cannabinoids
⦁ Some pigments
⦁ Some terpenes
⦁ Unknown other compounds
The cold temperatures of cryogenic ethanol extraction allow for efficient
extraction of cannabinoids without the
by-products such as pigments or waxes. The result is a high potency cannabinoid fraction that is not decarboxylated.
Advanced cold extraction techniques are
able to produce inhalable products called
shatter, which is a hard-candy consistency product used as an inhalable. It is
made up of 80–90% THCA crystals.
Ethanol extracts are growing in popularity because of their efficiency and
potency, but lack in versatility. These
extracts are often used to make high potency distillates as well as a variety of
distillate infused ingestible products
(Figure 2).

Hydrocarbon Extracted
Cannabis Extracts
Hydrocarbon extraction started as a
low-tech but innovative extraction
method in early medical and illicit markets. Its products, known as “concentrates” or “dabs,” have been a popular
choice for many experienced cannabis
users because of the amplified flavor and
higher concentration of cannabinoids.
cannabissciencetech.com
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Because of the higher potency of
cannabinoids and terpenoids, hydrocarbon extracts often have potencies
over 75% cannabinoids (Figure 3).
While hydrocarbons quickly extract
terpenes, aromatic hydrocarbons found
in the plant, and cannabinoids extensive
post-processing is required to remove the
solvent from the extract. This requires
more time and explosion-proof extraction and solvent removal equipment. The
gravity of scalability and safety of this extraction method is significant.

extraction science

Figure 1: Market share of products based on market and product type by Headset Data
(headset.io).
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Hydrocarbon solvents are used under cold temperatures and under relatively low pressures. This is fast and
captures the desirable components of
the cannabis plant.
⦁ C annabinoids
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⦁ S ome plant waxes
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Figure 2: Cannabinoid analysis of distillate.
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Figure 3: Hydrocarbon extracted cannabis live resin by Sky High Gardens (3).
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Figure 4: CO2 extracted cannabis terpene fraction by Heylo (6).
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into different phases using pressure
and temperature. Naturally, this makes
CO2 one of the most versatile solvents
in cannabis extraction.
Despite requiring a longer extraction time, CO2 has the ability to selectively extract specific fractions from
the plant because of its various phase
properties (5). Subcritical and Supercritical CO2 are the two most popular
phases for cannabis extraction. Supercritical fluids maintain the properties of
both liquid and gas. This gives CO2 the
ability to freely flow through the plant
material, like a gas, while penetrating
the trichomes and surface of the plant
material, like a liquid. Subcritical CO2 is
operated at a lower temperature becoming a less efficient solvent overall, but
focusing primarily on the volatile aromatic compounds such as terpenoids
and terpenes. CO2 is more efficient with
extracting the full terpene profile of the
plant including monoterpenes, sesquiterpenes, and a wide array of terpenoids,
as demonstrated in a terpene fraction
(Figure 4).
Alternatively, CO2 pressures can be
ramped up to the supercritical phase to
increase the efficiency of cannabinoid
extraction. With that, the extraction
time is dramatically reduced but more
undesirable components such as waxes
and pigments are also extracted. This
reduces the crude potency of the extract, but a wax removal process known
as “winterization” can be utilized to remove the lipids. This increases the potency of the extract. The terpene fraction and cannabinoid fractions are
blended together to create high quality
extract for vapes (Figure 5).
In addition to the extraction solvent
and parameters, the starting plant material also dictates the end result of the
extract’s chemical profile. If starting
with material that is low in terpenes but
high in cannabinoids, the end result will
be a low terpene high cannabinoid extract. If decarboxylated plant material is
cannabissciencetech.com
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Figure 5: Full spectrum CO2 extracted cannabis oil by Heylo (6).

Official Test Results for Laboratory Sample #7060964
Origination:
S train:
Type:
Address :

Heylo
UBI #: 604015766
Al i ens on Moonshine
License #: 41728 8
CO2
Harvest Date: Unknown
145 S Horton
Date of Receipt: 2020-06-16
Seattle, WA 98134
Date of Testing: 2020-06-17

PASS/FAIL
Foreign Matter + Seeds
Mycotoxins
Pes ticides
Res idual S olvents

PASS
PASS
PASS
PA SS

SHE LF STABILITY
Loss-On-Drying NE
Water Activ ity : NE

Inventory #: WAM417288.INKJCNB
QA #: WAL3.INKNNF9
Approved By: N. Mosely, CEO
S. Stevens, LDR
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CBN

0.04
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ND

THCVA

0.52

0.75

CBDVA

ND
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CBT

a-Pinene
0.85

1
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1.3
.66

.52

0.1
.099
.04

ND
0.099 d8-THC
Terp total: 11
Total Cannabinoids (raw sum): 64

0.01

d9- CBD CBG CBC CBN THCV d8- CBDV CBT
THC
THC

compound affects the human experience with cannabis. THC can enable
euphoria, CBD reduces inflammation,
limonene is energizing, CBG reduces
anxiety (7), linalool is relaxing—yet
none of these compounds work the
same together as in isolation. Each
compound influences the behavior of
the entire network to provide synergistic effects. Through studying cannabis interactions with the human
body, scientists have unveiled entire
networks of systems within the human body, namely the endocannabinoid system (ECS). Our understanding of cannabis chemistry remains
limited, and this new frontier provides ample opportunity for research
and insights that can enable people to
get more from this plant.

Terpene Fingerprint (units in percent by weight)
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ref# Name
%
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Myrcene
4.7
0.85
45* a-Maaliene
44* Selinadiene 0.75
36 Caryophyllene 0.74
0.54
43* b-Maaliene
0.5
15 b-Ocimene
0.46
37 Humulene
0.44
12 Limonene
0.36
50 Bisabolol
40* a-Bulnesene 0.3

Least Volatile

ref# Name
40* a-Bulnesene
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Camphene
20* p-Cymenene
15 b-Ocimene
13* p-Cymene
34* trans-a-Bergam
21 Linalool
23 Fenchol
28 Terpineol
10 a-Terpinene

%
0.13
0.13
0.1
0.084
0.083
0.08
0.08
0.073
0.065
0.052

ref# Name
7
a-Phellandrene
8
Carene
35 Farnesene
6
b-Pinene
11 a-Ocimene
18 g-Terpinene
29* Citronellol
42 cis-Nerolidol
22 Fenchone
51 trans-Nerolido

%
0.049
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0.027
0.026
0.025
0.022
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0.011
0.01
0.01
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17 Eucalyphol
30* Geraniol
T
Total
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0.0034
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post/what-is-rawx-why-does-heylocannabis-follow-this-method.
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(7) https://www.heylocannabis.com/
post/cbg-cannabigerol.

extracted with hydrocarbons, a THCA
crystalline product will not be possible to produce as the THCA has already
been converted to THC. There are many
variables to the process that must be
considered prior to extraction.

The Unknown
and the Future
While testing methods have advanced
significantly since the dawn of the
modern era of cannabis, there remains a wide frontier of opportunity
to discover and learn. Even in 2020,
10–30% of the total mass of a cannabis extract remains unidentified on a
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typical certificate of analysis (COA).
This demonstrates that we are unable
to identify a relatively large portion of
the extract’s chemical makeup, or that
it is not economically viable to do so.
Generally, it is known that there are
compounds such as esters, flavonoids,
various pigments, alkaloids, and so on
within cannabis extract. Despite the
potential to influence experiences with
cannabis, these compounds have yet to
capture public interest or significant
scientific inquiry with respect to product profiles and consumption.
Over time, discoveries have been
made which demonstrate that each
vol 3. no. 6
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TARGETING
Cannabis Clean-up
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chemistry, so it's no surprise
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cannabis crossroads

The First Family of
Cannabinoid Medicine:
The Knox Docs

P

resentations and panel discussions
with the Knox Family are always the
highlight of every cannabis science
event. For this installment of “Cannabis Crossroads,” I interviewed these true
pioneers and leaders of endocannabinology—the Knox Family. This amazing family of four doctors are key opinion leaders
in cannabis therapeutics and cannabinoid
medicine. Collectively, they have counseled
thousands of patients and dedicate time to
educating many more by way of talks, seminars, blogs, and videos.

It is amazing to me that the Knox
family not only has four medical
doctors, but that all of you are
deeply involved with cannabis medicine.
How did this come to be?

Q:

Dr. Janice had been a board-certified anesthesiologist for 32 years
before retiring from the operating
room. She was invited to work for a
medical marijuana clinic to sign authorizations for patients to access their cannabis
legally, and was open to trying that.
Subsequently, after hearing her experiences
with the patients in the clinic, Dr. David
also had the opportunity to begin seeing
patients in the same clinics, while still a full
time emergency physician. Superficially, it
was easy to sign the authorizations, as
patients clearly had conditions on the state
approved list of qualifying conditions, but
this introduction to cannabis medicine was
so eye-opening for us that we had to
actively pursue further knowledge.
To start, the patients we were seeing defied any expectation we may have initially had. Our prior exposure to cannabis in

A:

22

the conventional medical space was that it
was simply a drug of abuse. This was quickly disproved, as these were patients from all
walks of life, with complex medical histories, who were using cannabis therapeutically for many reasons, but were having better
results than any conventional therapies had
given them. After a few thousand people
give you the same story about cannabis, you
have to listen to what they are saying.
This was the impetus for us to pursue the
research and science about cannabis and the
discovery of the endocannabinoid system
(ECS). At that time, Drs. Rachel and Jessica
were completing their residency training in
family medicine and preventative medicine,
respectively. Dr. Janice, especially, talked
with them extensively about her experiences
with cannabis patients, and piqued their interest in the field. As they were always interested in a more holistic care model than that
of conventional medicine, they quickly got
on board with learning about the ECS and
cannabis therapeutics.
It has frequently been stated that
students training to become
medical doctors have learned almost
nothing about the ECS in the past. In a
previous column I wrote about the
University of Maryland School of
Pharmacy offering a master's degree in
medical cannabis science and
therapeutics. Is endocannabinology being
positively embraced by the medical
community? What challenges remain in
educating more physicians about
cannabinoid medicine?

Q:

A:
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Very few medical training
institutions are yet teaching about

the ECS, especially as to the fully understood extent and complexities of the
system (and the endocannabinoidome). A
recent count was that only 13% of medical
schools in the US mention the ECS
somewhere in their curricula. This is
beginning to change as attitudes evolve,
even though the legality at the national
level has not. Several schools are now
offering more extensive courses such as the
University of Maryland, but notably these
are more likely to be associated with
schools of pharmacy rather than medical
schools. Younger physicians are, however,
more open to accepting the science and
institutions are opening up to doing more
studies, but we don’t think this is to the
point of the mainstream medical community embracing endocannabinology. The
challenge is still to do away with a lot of
antiquated attitudes (stigma) about
cannabis, and to let the science of the ECS
and pharmacology of the plant be heard. In
some ways, when considering all of the
complexities of the ECS and the endocannabinoidome, and the equally convoluting
variables in cannabinoid profiles, the
average physician just hasn’t had time to
figure out what to do with it yet, let alone
the institutions figuring out how to teach it.
This doesn’t excuse academic institutions
of the responsibility to teach their students
about the ECS, however. Arguably, it’s not
only their due diligence, but a moral
obligation to do so given that 100% of
patients have one, that all bodily systems
are regulated by it, and that cannabis use is
increasing significantly across the US population. Failing to teach the ECS is failing to
prepare students for the real world.
cannabissciencetech.com
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By Joshua Crossney

industry trends

"Ancient Healing" and
"Revolutionary Care" are two of
the three tenants listed on your website,
DoctorsKnow.com. As medical technology
advances, do cultures preserve their
ancient knowledge, or is much of it lost
as attention turns to the development of
new drugs and treatments? Have we
preserved our ancient healing knowledge
or has much of it been lost over time?

Q:

Our modern approach to medicine,
unfortunately, has not retained a lot
of ancient wisdom that still exists in
what are now looked upon as “alternative”
medicine fields, including naturopathy,
ayurvedic medicine, Chinese medicine, and
acupuncture—and probably by design.
We’ve even coined them “alternative,” when
the real alter (counter-to) native (natural)
medicine is conventional, Western
medicine. So there is some acknowledgment
of those areas, but always as inferior to the
power of conventional medicine.
Cannabis itself was displaced from a
level of prominent use until less than
100 years ago, by the introduction of
more specific monomolecular pharmaceuticals as well as by the political machinations to outlaw the plant. This deliberate act to remove cannabis from the
pharmacopoeia and severely limit any
study on the plant certainly resulted in
a loss of knowledge, and a loss of at least
two generations of research that could
have been so helpful to so many. Much
has been lost in terms of the broad education of medical practitioners in general, although the knowledge can still be
found in smaller arenas. The understanding of the ECS is helping to support why
many ancient and alternative practices
have efficacy, and we hope will contribute to a new awakening of integrating all
methods toward better health for all.
Photo credit: @Cannakopiaorg

A:

Q:

What are you most excited about
regarding cannabinoid medicine?

We believe there will be a
renaissance in the clinical
studies needed to bring cannabinoid
medicine into the forefront. The science

A:
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About the Interviewees
Dr. Jessica Knox received her bachelor’s degree from Harvard University
before going on to earn her medical and business degrees from Tufts
University. She completed her postgraduate training in Preventive Medicine at
the University of California San Diego while earning her public health degree
from San Diego State University. Dr. Jessica believes that using all-natural
remedies to fight disease and promote well-being should be the first-line
approach in medical care. With healthcare costs soaring, and access to
medical care as limited as ever, she believes the application of lifestyle and
natural medicine is key to adequately addressing the current state of public
health in our communities and country as a whole. It was out of this belief
that Dr. Jessica’s interest in cannabis therapeutics blossomed.
Dr. Janice Marie Vaughn Knox has more than 35 years in the practice of
medicine. She is a graduate of the University of California at Berkeley and
the University of Washington School of Medicine. She is a wife, mother, best
selling author, and board certified anesthesiologist. Over her years in the
operating room, Dr. Janice witnessed the increased use of life threatening
pain medications and unnecessary medical interventions that yield low
success rates while patients continued to get sicker. This awareness motivated
Dr. Janice to become an expert in cannabis and the fields of cannabis
therapeutics and endocannabinology.
Dr. David Knox is a graduate of the University of Washington and University
of Washington School of Medicine. After 37 years of clinical experience in
emergency medicine and counting, he has expanded his expertise to include
cannabis therapeutics. Dr. David has consulted with more than 5000 patients
across the Pacific Northwest within the past year, noting the degree of results
cannabis has had on a variety of maladies, but perhaps none more common
than chronic pain, a condition which plagues emergency rooms nationwide.
Dr. Rachel Knox received her medical and business degrees from Tufts
University after completing her undergraduate studies at Duke. She trained in
family and integrative medicine before pursuing additional study in the areas of
functional, cannabinoid, and cannabis medicine. Though her formal training in
family and integrative medicine provides her with the know-how to treat acute
illness and chronic disease, she is passionate about teaching her patients how
to avoid and even reverse them altogether through natural means.

of endocannabinology will continue to
develop and explore the workings of the
complex physiology of the endocannabinoidome. The lack of well-designed
clinical studies (the reasons why we’ve
already discussed) on the use of
cannabinoid therapeutics has been the
limiting factor for most physicians to
ignore or downplay any role for
incorporating cannabinoids into their
practice. With the increased acceptance
of cannabis, we hope the path will be
cleared and this research can move
ahead. Already there are proposals to
study the use of CBD or other cannabinoids in the treatment of COVID-19,
especially those patients suffering a
cytokine storm, the hyperinflammatory
reaction that causes severe illness. High
profile studies such as that may be the

impetus to allow for even more clinical
studies on the myriad of conditions we
know cannabinoids can help.
This interview has been edited for
length, to read the full interview please
visit: www.cannabissciencetech.com/
columns/cannabis-crossroads.
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Distinguishing Hemp
from Marijuana by Mid-Infrared
Spectroscopy
BY BRIAN C. SMITH AND CHRISTOPHER A . FUCE TOL A

Federal law defines legal hemp as cannabis plant material that contains not more than 0.3% dry weight total tetrahydrocannabinol (THC).
Because of confusion over the law, a number of false arrests and seizures of legal hemp have occurred. Additionally, the United States
Department of Agriculture recommends about one sample per acre of hemp should be tested. This means regulatory agencies may be
swamped with samples come harvest season and might have difficulty keeping up with the demand. There is a need then for law enforcement
and regulatory agencies to measure total THC in cannabis plant material to discriminate between legal hemp and illegal marijuana accurately,
quickly, and easily to alleviate these problems. We have developed a novel mid-infrared spectrometer that measures total THC in dried, ground
cannabis plant material in 2 min. By applying a unique total THC hierarchical classification algorithm to the data, high total THC cannabis
is sorted from low THC cannabis with a success rate of 99.4% based on a challenge set of 491 samples. The algorithm distinguishes low total
THC marijuana from hemp with a success rate of 95.1% based on a challenge set of 284 samples. The applications of this analyzer for law
enforcement, forensic laboratories, and regulatory agencies are discussed.

F

OR THE PURPOSES of this paper
these terms will have the following meanings.
Cannabis: Plants of genus cannabis including the species Cannabis Sativa,
Cannabis Indica, and Cannabis Ruderalis.
Cannabis plant material: The dried,
ground buds, flowers, stems, stalks, leaves,
and seeds of genus Cannabis plants.
THCA: Tetrahydrocannabinolic acid
THC: Δ9-tetrahydrocannabinol
Total THC: 0.877*(THCA) + THC
High THC cannabis: Cannabis plant material containing equal to or more than 5%
dry weight percent total THC.
Low THC cannabis: Cannabis plant material containing less than 5% dry weight
percent total THC.
Marijuana: Cannabis plant material containing more than 0.3% dry weight percent
total THC as defined by Federal law (1,2).
Hemp: Cannabis plant material containing 0.3% or less dry weight percent total
THC as defined by Federal law (1,2).
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Weight %, Wt. %, and wt.%: The weight
percent of an analyte in a sample.

Statement of the Problem
The 2018 United States Farm Bill as passed
by the United States Congress (1) and a
subsequent Interim Final Rule as promulgated by the United States
Department of Agriculture (USDA) on
October 29, 2019 (2) makes it legal to grow
and possess hemp in the United States
so long as the total THC content by dry
weight does not exceed 0.3%. Undried or
“wet” hemp is not analyzed because the
law clearly states that dry hemp must be
analyzed (1,2). Additionally, drying hemp
changes cannabinoid concentrations, and
we are not aware of any peer-reviewed
literature that correlates the composition
of wet hemp with dried hemp. Until this
happens, the industry should continue to
test dry hemp only.
Since passage of the Farm Bill, several
legal hemp shipments have been seized by
vol 3. no. 6

law enforcement around the country under the mistaken assumption that the material was illegal marijuana (3–7). Places where this has happened include Idaho
(3), Oklahoma (4), New York City (5), Texas (6), and Colorado (7). The latter is surprising since medicinal and recreational
marijuana are legal in Colorado. However,
one must still possess the proper paperwork and licenses to transport hemp and
marijuana in that state (7). As a result of
these seizures, innocent people have spent
time in jail, thousands of dollars of valuable hemp have been seized, bad press for
law enforcement has ensued, and lawsuits
have been filed (3). Another outcome of
the change in the law is that forensic laboratories are now being swamped with
cannabis plant material samples, many of
which are legal hemp, tying up resources
and spending money that is better spent
elsewhere.
The law and interim final rule task state
departments of agriculture with developing
cannabissciencetech.com
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accurate, may be faster, cheaper, and more readily allow representprograms for hemp testing (1,2). The interim final rule contains
ative sampling than laboratory methods. Keeping these criteria in
sample calculations that recommend that about one cutting per
mind, we will review the technologies currently available for disacre of hemp be tested (2). This means come harvest season each
tinguishing hemp from marijuana.
state must test thousands of samples during a short harvest season.
We fear that many states may not have the testing capacity to perform the Federally recommended amount of testing.
Technologies for Distinguishing
There is a need then for law enforcement to analyze seized canHemp and Marijuana
nabis plant material in the field to prevent
Nonquantitative Technologies
Figure 1: The “Golden Rectangle” of
false arrests, for forensic laboratories to weed
For cannabis plant material the presence of
chemical analysis: accuracy, speed,
out nonprosecutable cases to help streamline
THC is legal so long as it contains less than
cost, and representative sampling.
their operations, and for state departments of
0.3% total THC (1,2). This means that for a
Accuracy
Speed
agriculture to increase their cannabis testing
chemical analysis technique to be used by
capacity so hemp farmers receive results in a
regulatory and law enforcement officials to
timely fashion. Some current testing technoldistinguish between hemp and marijuana it
ogies are nonquantitative and hence not conmust report a weight percent total THC value.
gruent with the law since they do not produce
We draw the analogy to drunk driving
a total THC value. Other technologies prolaws. These laws typically state a blood alcoduce a total THC value, but require expensive
hol value below which it is legal to drive and
consumables, significant sample preparation,
above which it is illegal to drive. An analyzRepresentative
Cost
skilled operators, and are slow with a high
er that only tests for the presence of alcoSampling
cost per analysis. Ideally, then there would exhol in one’s body without generating a blood
ist a method for distinguishing hemp from
marijuana that is fast, easy-to-use, portable, inexpensive, and accurate. Our progress in using mid-infrared (mid-IR) spectroscopy and
a unique hierarchical total THC classification algorithm towards
this goal is discussed.

Criteria for Evaluating
Chemical Analysis Methods

Figure 1 shows the “Golden Rectangle of Chemical Analysis,” four
figures of merit that should be used when evaluating any analytical
chemical method.
The criteria listed are accuracy, speed, cost, and the ability to
perform representative sampling. Accuracy is a measure of how
far away an analysis is from its true value (8). Speed includes the
time to prepare a sample and how long it takes for an instrument
to analyze it. Cost includes the initial cost of the instrument, the
cost to analyze each sample, and the cost of maintenance and upkeep of the system. The representative sampling criterion comes
into play when analyzing inhomogeneous substances such as cannabis plant material. The proper way to analyze these materials is
to collect many random samples, analyze them, and report the average result with an appropriate margin of error (9,10). This criterion dovetails off the others since for representative sampling a
technique must be fast enough and inexpensive enough to allow
the requisite number of samples to be analyzed at a realistic cost
in a reasonable amount of time.
In a perfect world, an analytical method would be accurate,
fast, low cost, and allow for representative sampling. The reality is that there are trade-offs between these criteria. For example,
the most accurate methods, such as typical laboratory analyses,
can be slow and expensive. Field analyzers, while perhaps not as
cannabissciencetech.com

CST0720_24_Peer_Reviewed2.indd 25

july/august 2020

|

cannabis science and technology ®

25
8/7/20 3:49 PM

peer-reviewed
alcohol level would be pointless because it
cannot distinguish between legal and illegal drivers. Similarly, a cannabis plant
material total THC test that only tests for
the presence of THC and does not generate a total THC value is pointless because
it cannot distinguish between legal hemp
and illegal marijuana as defined by Federal law. There are several methods in place
that claim to be able to distinguish between hemp and marijuana that do not
generate a total THC value. These include
organoleptic analysis, color analysis, genetic analysis, and Raman spectroscopy.

Organoleptic Analysis

Organoleptic analysis is the use of the
human senses to analyze a material (11). For
cannabis there are people, particularly botanists, who are trained to distinguish cannabis from other plants by look and smell. Before the legalization of marijuana anywhere
in the United States, this would have been
probable cause for arrest. However, now
that cannabis plant material with upwards
of 0.3% total THC is legal this is no longer
sufficient because legal cannabis plant
material may contain some THC. We believe
some of the false arrests documented above
were caused by failure of law enforcement
to understand this problem. We have seen
no peer-reviewed data showing a human can
organoleptically determine total THC levels.
Hence this method should be avoided.

Color Tests

There exist color tests that disclose the
presence of THC in a sample (12). These
tests do not produce a weight percent total
THC result so are not compliant with what
the law requires. Also, practically every
cannabis sample contains THC, so this technology would not be useful in distinguishing
different types of cannabis plant materials
from each other because of the large number of positives from legal hemp samples.

Genetic Testing

A recent paper in this journal disclosed the
use of genetic testing to distinguish hemp
from marijuana (13). Marijuana cultivars are
bred for high THC values, whereas hemp

26

cultivars are bred for low THC values. It
makes sense then that these strains would
have different genotypes. However, DNA
testing is not compliant with the law since
it does not measure a total THC value.
Additionally, a cannabis plant’s genotype is
not the only predictor of its total THC concentration; growing conditions play a role
as well. It is the combination of genotype
and growing conditions that determines
the cannabinoid profile of a cannabis grow.
Thus, genetic testing may be useful to classify cannabis plants into strains, but it does
not give us the total THC measurement
needed to determine legality.

Raman Spectroscopy

In a recent paper, claims were made that
a Raman spectrometer successfully distinguished between hemp and marijuana
100% of the time (14,15). However, their
reports contain no total THC measurement data on the samples analyzed, and
no science supporting the ability of their
spectrometer to quantitate total THC in
cannabis plant material. Thus, we must
conclude like the other techniques listed
here, that Raman spectroscopy is not congruent with the law and should not be used
to distinguish hemp from marijuana.
In summary then nonquantitative methods may be fast, inexpensive, and allow a
high sample throughput enabling representative sampling, but are inaccurate since
they do not provide a total THC value.

Quantitative Methods
For the quantitative determination of
total THC in cannabis plant material
chromatography and spectroscopy have
been used (16–19).

Chromatography

In chromatography, cannabis plant material is prepared by weighing, grinding,
extracting, filtering, and diluting to obtain
a sample of purified cannabinoids dissolved in solvent (16). In high performance
liquid chromatography (HPLC) (17,18), the
sample is injected into a flowing stream
of liquid that passes through a column
containing a bed of separating medium
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(16). Different molecules interact with the
medium with different strengths and leave
the column at different times (17,18). These
purified materials are then quantitated.
For the determination of cannabinoids
by HPLC, a common detection scheme is
diode array ultraviolet-visible spectroscopy
(17,18). In gas chromatography (GC), the
sample is vaporized in a heated injection
port, swept into a bed of separating medium by a flow of gas, this bed is heated, cannabinoids vaporize based in part on their
boiling points, and are swept towards a
detector for quantitation. Flame ionization
is one type of GC detection scheme that
has been used to analyze cannabis (19).
Chromatography is certainly accurate,
but it is slow (16-19). Between the sample
preparation steps mentioned above and
running the instrument it can take 20 min
or more to analyze a single sample (17–19).
Chromatography is also expensive. Each
analysis requires expensive consumables
such as solvents, vials, filters, and syringes.
The required chemical operations and the
use of a chromatograph is difficult enough
that state regulations require cannabis laboratory technicians using these devices be
degreed and highly trained (20). These people do not work cheap, driving up the cost
per analysis. There is also the cost of legally disposing of the solvents used in HPLC.
In total, between the expense of the instrument, consumables, time, labor, and waste
disposal it can cost $30 or more per sample
to analyze cannabis samples (16). The slowness and expense of using chromatographs
prevents the analysis of the large number
of samples needed for appropriate representative sampling (9,10). Thus, when considering the Golden Rectangle of Chemical
Analysis chromatography is certainly accurate but suffers when considering cost,
speed, and throughput.

Infrared Spectroscopy

Infrared spectroscopy is the study of
the interaction in infrared light, otherwise
known as heat, with matter (21,22). Two
different wavelength regions, the near
infrared (NIR) and the mid-infrared (midIR) are commonly used to analyze samples.
cannabissciencetech.com

8/7/20 3:49 PM

analytical
NIR wavelengths are shorter than mid-IR
wavelengths (21). NIR is used to determine
analytes such as fat, protein, and moisture
in agricultural crops including hay, forage,
and grain (27,28). Given the history of NIR
spectroscopy’s use on agricultural crops,
its extension to cannabis analysis seems
logical. NIR has been used to determine
cannabinoid content in hemp (24).
However, NIR suffers from some problems. Firstly, NIR is not selective, it can
typically only see chemical functional
groups that contain O-H, N-H, and C-H
bonds (27,28). This is fine for gross measurements, such as total protein, but NIR
struggles to distinguish cannabinoids of
similar structure such as THCA and THC.
Another problem NIR suffers from is lack
of sensitivity. Because of the physics of the
situation, NIR absorbances are 100 times
weaker than mid-IR absorbances (23,28).
This means NIR can struggle with accurately determining total THC at low levels
in cannabis plant material.
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Mid-IR is used throughout the food, forensic, pharmaceutical, and many other industries (21). Mid-IR has been used to determine cannabinoids in marijuana (25), hemp
(26), cannabis distillates (29), extracts (30),
and to study the rate and mechanism of
potency degradation in cannabis oils (31).
Mid-IR has excellent selectivity since it can
see hundreds of different kinds of chemical bonds (22). Therefore, it can determine total THC and it can quantitate both
THC and THCA in hemp and marijuana
(25,26). Since mid-IR absorbances are 100
times more intense than NIR absorbances
(22,27,28), this allows mid-IR to accurately
determine low levels of total THC in hemp
(26). Additionally, mid-IR requires no complex sample preparation or consumables so
the cost per analysis is $0, a single cannabis
plant material sample can be analyzed in 2
min (26), and both of these advantages lend
themselves well for handling the large number of samples needed for true representative sampling. For these reasons, we chose
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to study the utility of mid-IR spectroscopy for distinguishing hemp from marijuana. We will show that mid-IR is sufficiently accurate for reliably distinguishing hemp
from marijuana while maintaining the advantages of speed and low cost needed for
representative Sampling.

Experimental
Dried cannabis plant material samples
(<10% moisture) were prepared for analysis by taking ~5 g aliquots and grinding
them for 1 min in a standard coffee grinder.
Samples were scanned using a BSS 3000
Cannabis Analyzer from Big Sur Scientific.
It is a general purpose quantitative mid-IR
spectrometer and can be used in other
applications besides cannabis (32).
The analyzer is 4-in. x 6-in. x 8-in. and
weighs 2 lbs so it is compact, lightweight,
and portable. Using its carrying case the
unit can be taken into the field and used
almost anywhere including laboratories,
offices, greenhouses, barns, trade shows,
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Figure 2: The internal design of the novel, patented FPI-ATR or Smith
spectrometer used in this study.

and the bed of pickup trucks. It can be
powered by a battery giving portable power. The optics are pinned in place at the
factory yielding a rugged design that is insensitive to vibrations. The analyzer is
precalibrated and validated and works out
of the box with a few minutes of setup and
testing. So long as the device is kept dry,
has a power source, and a horizontal surface to sit upon it will work well.
The spectrometer design has been disclosed in detail before (32); a brief description will be provided here. Figure 2 shows
a schematic layout of the spectrometer.
In the figure, the number 1 denotes a solid state mid-IR source that is pulsed electronically to discriminate between IR light
coming from the source and ambient heat.
Number 2 is a transfer optic that directs
the infrared beam to number 3, a zinc selenide (ZnSe) triple bounce attenuated total
reflectance (ATR) crystal (21). The top surface of the ATR crystal is where the sample, number 5, is placed, and hence is called
the sampling surface. The infrared beam,
which is internal to the ZnSe crystal, will internally reflect from a spot on the sampling
surface (21,33,34). At this spot, some infrared amplitude will appear above the crystal surface forming an “evanescent wave”
(21,33,34). Samples placed on the sampling
surface can absorb the evanescent wave,
and the infrared beam is then analyzed to
determine the sample’s spectrum (21).
To analyze liquids by ATR, they are
spread on the sampling surface and their
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spectra are scanned (21). To ensure reproducible interaction between solid samples
and the evanescent wave, a clamp, 4 in
Figure 2, is used to secure these samples
to the sampling surface. Figure 3 shows a
sample of ground cannabis plant material being applied to the sampling surface of
the analyzer prior to clamping.
The clamp features a slip-clutch mechanism that will slip when a specific pressure is reached, and the user is notified
of this by an audible click. This ensures
all solid samples have the same amount
of pressure applied to them, which is important for reproducible sample-window
contact and hence quantitative analysis
(21,23). The ATR method was chosen because it requires little sample preparation,
is fast, easy-to-use, and has been shown to
be quantitative when applied to cannabis
plant material (25,26). Additionally, the
technique is nondestructive, which is good
if the sample is particularly valuable, or
needs to be preserved as evidence.
After the infrared beam interacts with
the sample it leaves the ATR crystal and
impinges upon transfer optic (number 6),
which directs the beam to the spectrometer-on-a-chip (number 7). The spectrometer is a Fabry-Perot interferometer (FPI),
which consists of an optical cavity with two
reflective surfaces (mirrors) (32). A scan
is performed by moving one of the mirrors away from the other. At any given mirror position only a fixed bandwidth of wavelengths will pass through the spectrometer
vol 3. no. 6

Figure 3: A picture of dried, ground
cannabis plant material sample
being applied to the sampling
surface of the ATR crystal. The clamp
used is seen in the background.

and onto the detector, number 8, and
changing the mirror position changes the
wavelengths that impinge on the detector.
Scanning a spectrum is a matter of moving
the mirror through a given set of positions
and measuring the amount of light hitting
the detector at each position. The detector material used was lithium tantalate. The
spectrometer and detector comprise a monolithic unit about the diameter of a dime.
We call the spectrometer a Fabry-Perot Interferometer-Attenuated Total Reflectance
spectrometer or FPI-ATR for short. It has
been the tradition in spectroscopy to name
spectrometer designs after their inventors.
For example, the well-known Czerny-Turner spectrometer is named after its inventors (35). Hence, we will use the terms
“FPI-ATR” spectrometer and “Smith spectrometer” interchangeably for this device.
A Microsoft Surface Pro computer (number 9) running the Windows 10
Pro operating system was used. Big Sur
Scientific’s Cannabis Analyzer software
controlled and scanned the spectrometer, measured spectra, applied calibration
models to the spectra to predict concentrations, and displayed results. Communications between the analyzer and computer are via a USB cable.
Mid-IR spectra were measured from
1250 to 960 cm-1 at 12 cm-1 instrumental
resolution. This spectral region was chosen because THC and other cannabinoids
absorb strongly in this wavenumber range,
enhancing sensitivity. A background
cannabissciencetech.com
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spectrum with no sample on the sampling window is measured
prior to the analysis of each sample and takes 1 min. After cannabis plant material is clamped to the sampling window, the sample
scan takes an additional 1 min. It thus takes 2 min to analyze a single sample. The sampling window is cleaned before and after each
analysis with a paper towel wetted with a small amount of alcohol.
After each analysis the results are presented to the user on the
computer’s screen. The user has the option to print the results,
copy and paste the results into a different application, or generate a certificate of analysis in Adobe Acrobat PDF format. Each
sample spectrum measured is automatically saved in an industry standard spectroscopy file format (Thermo GRAMS *.SPC format), and each set of results is automatically saved as a text file.
The unit comes with a system check sample that is run daily to ensure the analyzer is functioning properly.
HPLC reference data from a state licensed, ISO registered
laboratory (36) were used to calibrate the Smith spectrometer. The laboratory did not correct the measured weight percent
cannabinoid values for variations in moisture content of the
cannabis plant material. Pure cannabinoid standards were not
used for calibrating the mid-IR analyzer because this presents
a calibration applicability problem (23). For chromatographic
cannabis potency analyses the final sample is a solution of cannabinoids (17–19), and hence it is appropriate to use solutions
of cannabinoids as standards. However, in practice the mid-IR
spectrometer analyzes dried, ground cannabis plant material
not solutions of cannabinoids. For the spectroscopic models to
be applicable to cannabis plant samples, the spectra and weight
percent cannabinoids as determined by HPLC of standard cannabis plant samples were used to build calibrations.
The partial least squares algorithm (PLS1) was used to build
the calibration models used (23). An advantage of this algorithm
over traditional single peak Beer’s Law analyses is that it works
well even if spectral peaks contain overlaps from multiple analytes (23). Thus, there is no need for each analyte to have a spectrally resolved peak for quantitation to be achieved (23).
The Hierarchical Classification algorithm employed involves
using spectroscopic calibrations to measure the total THC in
a cannabis sample, and then sorting the sample into an appropriate category based on this result. Here is how it works. In an
initial step, a broad concentration range calibration is used to
determine the total THC in cannabis plant material, and the
samples are sorted into high and low total THC cannabis categories. In a second step, a narrower range calibration is applied
to the low total THC cannabis plant material and this number is
used to sort samples into legal hemp or illegal marijuana.
The quality of the total THC spectroscopic calibrations was
measured by analyzing a validation set by mid-IR and applying
a calibration that did not include spectra of the validation samples. The validation samples were analyzed in triplicate by midIR; the predicted values reported here are the average of these
values. The predicted total THC values for the validation set
cannabissciencetech.com
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were compared to the known values for these samples as measured by HPLC (36). The accuracies of the spectroscopic calibrations were determined as a standard error of prediction (SEP)
(23). The SEP is the best measure of calibration accuracy since
it determines how well a calibration performs on samples it
has not seen before, which is how real-world calibrations work
(23). The ability of the Hierarchical Algorithm to distinguish
between hemp and marijuana correctly was measured with a
set of challenge samples that were known to be either hemp or
marijuana. The percentage of samples correctly sorted is reported as the success rate.

Results and Discussion
Spectral Analysis

Previous work (17,18) has shown that for cannabis plant material
much of the contribution to the total THC value is from THCA rather than THC. The mid-IR spectrum of pure THCA is seen in Figure
4. The portion of the spectrum from 1250 to 960 cm-1 is shown, the
region scanned with Smith spectrometer used in this study.
The peak labeled A falls at 1250 cm-1 here because it is the
shoulder of a larger peak that tops out at 1256 cm-1, beyond the
range scanned. Peak B is at 1190 cm-1 and peak C is at 1120 cm-1.
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Absorbance

Figure 4: The mid-IR spectrum of pure THCA from 1250 to 960 cm-1. Note the
three peaks labeled A, B, and C at 1250, 1190, and 1120 cm-1, respectively.
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Figure 5: Mid-IR spectra of three cannabis plant samples containing varying
amounts of total THC. Bottom: 0.1% total THC. Middle: 14% total THC. Top: 30%
total THC. Note the same three peaks labeled A, B, and C here are also present in
Figure 4 and that their size increases with total THC values.
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In going from hemp with low total THC
values to recreational marijuana with
high THC values for quantitation to be
possible there should be mid-IR spectral
features whose size changes with total
THC content.
The same three mid-IR features present
in the spectrum of pure THCA as seen in
Figure 4 are clearly present in the spectra
of cannabis plant material seen in Figure
5 and are labeled the same in both figures.
As the total THC content goes from 0.1%,
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to 14%, to 30% in Figure 5, the mid-IR features of THCA clearly get larger. This correlation between peak size and total THC
value means Beer’s Law (23) can be used
as the basis for using mid-IR to quantitate
total THC in cannabis plant material.

The Hunt for Quality
Reference Data
Obtaining accurate HPLC reference data
for calibrating the spectrometer proved
difficult. The problem of inter-laboratory
vol 3. no. 6

error, different cannabis laboratories
obtaining varying results on the same
samples, has been researched and is
well documented (29,37–42). Causes of
this problem include lack of standard
reference materials, laboratories using
different sample extraction methods, and
lack of adequate training (29,41–43).
At first, we attempted to use reference
data from multiple laboratories in our
spectroscopic calibrations. However, the
inter-laboratory error problem caused the
resultant calibrations to be of poor quality. When we built calibrations using data
from a single laboratory, calibration quality improved markedly. This meant we had
to choose a laboratory whose reference
data we would use and trust. We literally
roamed the country visiting many cannabis analysis laboratories, and vetted them
by interviewing their laboratory directors,
reviewing their standard operating procedures, and watching them perform analyses. Additionally, at some laboratories we
ran the same cannabis plant samples by
mid-IR spectroscopy and HPLC to provide
an orthogonal test of the quality of the
chromatographic results. We took the correlation between mid-IR and HPLC data
as a measure of chromatographic quality,
assuming that mid-IR is an unbiased and
independent method. Based on our work
we chose a state licensed, ISO certified
laboratory (36), and used their weight percent cannabinoid values to calibrate the
mid-IR analyzer.

The Search for Cannabis
Standard Reference
Materials
In the United States, the National Institutes of Standards and Technology (NIST)
is the Federal agency tasked with generating standard reference materials (SRMs)
for industry (43). SRMs are materials of
known and agreed upon composition that
can be used in round robin studies to evaluate the accuracy of different laboratories,
the quality of different methods, and to
evaluate instrumentation. For example,
NIST supports the green tea industry with
a standard reference material (44). This
cannabissciencetech.com
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samples that ranged from 0.1% to 33% total THC. In a perfect
world a single, global spectroscopic calibration would accurately
measure total THC values across this entire concentration range.
However, the accuracy of spectroscopic calibrations is a function
of the number of data points used in the calibration, the range of
concentrations of the standard samples, and the distribution of
the calibration points throughout the concentration range (23).
Therefore, it was not possible to construct a single spectroscopic
calibration that was sufficiently accurate throughout the entire
cannabis plant material total THC concentration range.

means that NIST knows how to create SRMs for agricultural crops.
It would make sense then that NIST should create SRMs for the
cannabis industry.
However, recall that in the United States at the Federal level
all cannabis plant material with a total THC value of greater than
0.3% is considered marijuana and is illegal (1,2). Thus, it would be
against Federal law for NIST to develop SRMs for marijuana analysis. But there is nothing preventing NIST from developing SRMs
for legal hemp. NIST is in fact developing such materials (45).
However, it may be some time until these SRMs are ready.
Fortunately, the University of Kentucky (UKY) has developed their own
set of hemp standard reference materials
as part of their Hemp Proficiency Program (HPP) (46). This sample set consists of four legal hemp samples, each of
which has been analyzed by more than
50 cannabis analysis laboratories. The
certificates of analysis for these samples contain the average total THC, total CBD, and other cannabinoid weight
percents as determined by these laboratories. Barring the introduction of
any NIST cannabis SRMs, we believe
the UKY samples are the best validation
set now available in the cannabis industry, and we encourage all cannabis analysis laboratories to use these samples to
vet their methods and to participate in
ultraWAVE
the HPP.
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Independent
Validation Results
Taking our own advice, we used the
University of Kentucky sample set in a
validation study of how well mid-IR can
quantitate total THC in dried, ground
hemp. The results are seen in Table I.
Note that the standard error of prediction is ±0.05 wt. % total THC, consistent with the accuracy for total THC
determination of ±0.04 wt. % in dried,
ground hemp previously published for
this analyzer (26). These results mean
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enough to determine if hemp is above
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Table I: A comparison of the total THC values for the University of Kentucky
hemp standard reference materials as determined at 50+ laboratories and as
determined by mid-IR spectroscopy. All values are in weight %.
University of Kentucky

MIR Predicted

Sample

Total THC

Total THC

Difference

HM19SEP-1

0.29

0.26

0.03

HM19SEP-2

0.14

0.104

0.036

HM19NOV-1

0.3

0.23

0.07

HM19NOV-2

0.07

0.01

0.06

SEP* =

0.05

*Standard error of prediction

Figure 6: A flow chart of the Hierarchical Total THC classification method used
in this study for distinguishing hemp from marijuana.
Measure Spectrum
of Cannabis Sample
Apply Global Total THC
Algorithm

End Analysis

High Total THC
Cannabis =
Marijuana

Yes

>=5%
Total THC?
No
Low Total THC
Cannabis

Apply Low Total THC
Algorithm

Marijuana

Therefore, a hierarchical total THC classification was implemented. The flow chart
for this algorithm is seen in Figure 6.
After the mid-IR spectrum of a cannabis plant material sample is measured, a
global total THC calibration is applied to
the spectrum to determine if the sample
contains greater than or equal to 5% total
THC or less. If the reading is 5% or above
the material is sorted as high total THC
marijuana and the analysis is stopped; this
sample is marijuana and is clearly illegal
by Federal law.

32

Yes

No

Hemp

If the material contains less than 5% total THC it may be legal hemp. In this case a
special high accuracy total THC calibration
is applied to the spectrum. If the reading
comes back at 0.34% total THC or less (the
acceptable hemp THC level for this analyzer [2]) the material is classified as hemp. If
the total THC reading falls above 0.34% the
material is classified as marijuana.

The Global Total THC Calibration
and Challenge Sample Set Results
The purpose of the global total THC
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>0.34%
Total THC?

calibration is to sort cannabis plant material into high and low total THC classes.
Figure 7 shows a correlation chart for
total THC values for this calibration. Total
THC values as measured by HPLC are on
the x-axis, total THC values for the same
samples as measured by mid-IR are on the
y-axis. Approximately 129 data points were
used in creating this calibration.
The correlation coefficient (R2) is a measure of how well the readings on two instruments correlate for the same sample set,
where 1 is perfect and 0 is the worst possible correlation (23). Note from Figure 7 that
the R2 value between total THC measurements determined by HPLC and mid-IR
on the same samples is 0.94, which we consider excellent for a spectroscopic calibration of a highly inhomogeneous material
over such a large concentration range. Note
that the samples self-segregate nicely, with
the high total THC marijuana clustering
above 5% total THC inside the green oval,
whereas low total THC cannabis clustering around 1% total THC or less inside the
red oval. This indicates marijuana breeders
have done a good job of maximizing the total THC in their plants, and hemp breeders
have done a good job of minimizing the total THC in their plants. Note the significant
gap between the green and red ovals. Because of this gap we chose to define high total THC cannabis as containing more than
5% total THC, and anything below this was
defined as low total THC cannabis.
The global total THC calibration was
applied to a challenge set of 491 samples
that were known to be either high total
THC cannabis or low total THC cannabis. The algorithm sorted the samples into
their correct classes 488 out of 491 times
for a success rate of 99.4%. We consider
this very impressive given the speed, ease
of use, and the $0 cost per analysis of the
mid-IR method.

Low Total THC
Calibration and Challenge
Sample Set Results

According to the flow chart in Figure 6, if
upon application of the global total THC
cannabissciencetech.com
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calibration a sample tests less than 5% total THC, a special low
total THC calibration is applied to the sample’s spectrum and its
total THC value is predicted. The correlation chart for low total
THC cannabis is seen in Figure 8.
This calibration contains 63 data points over a total THC range
from 0.07% to 0.7%. It is this calibration whose SEP for total THC
was ±0.05% for the UKY validation samples shown in Table I. The
excellent accuracy of this calibration is a result of the large number of data points over a narrow concentration range (23).
The purpose of this calibration is to sort cannabis plant material with less than 5% total THC into two categories, hemp with
a total THC level of 0.34% or less, or marijuana with a total THC
value above 0.34%. The 0.34% total THC value was used because
the acceptable hemp THC level as calculated for this analyzer is
0.34% (2). The low total THC calibration was challenged with a
set of 284 samples that were known to be either hemp or low total
THC marijuana. The calibration correctly sorted the hemp from
the low total THC marijuana samples 270 out of 284 times, for a
success rate of 95.1%.
A summary of the results of the hierarchical total THC classification method are seen in Table II.
The results in Table II show that the measurement of cannabis
plant samples by mid-IR spectroscopy when combined with our
total THC hierarchical classification algorithm accurately distinguishes between hemp and marijuana.
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Table II: Results on challenge samples for the hierarchical
total THC classification method
Number of
Challenge
Samples

Number
Classified
Correctly

Success
Rate

High total THC cannabis versus
low total THC cannabis

491

488

99.40%

Hemp versus low total THC
marijuana

284

270

95.10%

Classification Analysis

agriculture with establishing hemp testing programs (1,2). The
USDA also recommends that about one cutting per acre of hemp
planted be analyzed (2). Applying this idea to the state of Kentucky hemp crop for 2019, where licenses were issued for the
planting of 42,000 acres of hemp (47), tens of thousands of samples may be generated. The challenge is that all these samples
must be tested during a brief harvest season of about 60 days.
Our observation is that in the hands of a skilled technician, and
with automated sample injection, an individual HPLC can process about 50 samples per day. At 42,000 tests and 60 days, this

Implications for Law Enforcement,
Forensic Laboratories,
and Departments of Agriculture
In addition to classifying cannabis plant material accurately, the
analyzer system we developed is small, lightweight, portable,
features little sample preparation, and comes precalibrated so it
works out of the box. It analyzes cannabis plant material samples
in 2 min. This means the system is well suited for use by police
officers roadside for when there is suspicion someone is transporting cannabis plant material illegally, hopefully preventing the
false arrests and seizures documented above (3–7). Police officers
receive training in how to organoleptically identify cannabis plant
material. Once this identification is made, mid-IR could be used to
determine the legality of the cannabis plant material quickly and
accurately. Any material thought to be illegal should be confirmed
by chromatography.
Because of the lack of a roadside test, samples of cannabis plant
material are being sent to forensic laboratories to determine whether they are hemp or marijuana. Analysis of these samples is typically
done by chromatography, which is slow and expensive (16–19). If forensic laboratories screened these samples using mid-IR, they could
weed out the legal samples, and only test those samples by chromatography that are suspected of being illegal. This will save time,
streamline operations, and save taxpayer money.
The Federal government has tasked state departments of
cannabissciencetech.com
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Figure 7: The correlation chart for total THC as measured by HPLC and mid-IR
on a set of cannabis plant material samples. Total THC values ranged from
0.1% to 33%. The green oval represents high total THC samples. The red oval
represents low total THC samples. The dashed blue line at 5% total THC was
set as the dividing line between the two.
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Figure 8: The correlation chart for HPLC and mid-IR on a set of 63 cannabis
plant material samples analyzed by both methods that ranged from 0.07% to
0.7% total THC.
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means 700 tests/day must be performed
during harvest season. This would require
14 HPLC systems and trained technicians
at the ready come hemp harvest season to
analyze the number of samples generated.
That is well over a $1 million investment
in equipment and personnel. Other states
may not have this many acres planted but
will face a similar testing challenge.
To avoid this problem, a mid-IR system
could be used in the field by state department of agriculture personnel to screen
cannabis plant material samples. After a
day’s worth of cuttings is collected, these
could be dried overnight, and the samples analyzed the next day. Material that
is determined legal would require no further analysis, and the hemp farmer would
be cleared to sell their crop. Samples that
tested illegal should be confirmed by chromatography. This approach will give hemp
farmers the accurate and timely results
they need and reduce the sample load at
state laboratories saving taxpayer dollars.
Ultimately, the decision to prosecute
a case is up to district attorneys and other law enforcement personnel in a given jurisdiction. It is the job of scientists to provide these officials with the best data we
can. Our goal has been to develop a system
that easily and accurately distinguishes between marijuana and hemp so law enforcement, forensic laboratories, and state departments of agriculture have the data they
need to make their important decisions.
We believe our results show mid-IR spectroscopy is up to the challenge.
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There is a need amongst law enforcement, forensic laboratories, and state
departments of agriculture to distinguish
hemp from marijuana in an accurate, fast,
easy, and inexpensive manner. We have
invented a novel general purpose quantitative mid-IR spectrometer, the FPI-ATR
or Smith spectrometer, and applied it to
the problem. With use of a hierarchical
total THC classification method, high total THC cannabis can be sorted from low
total THC cannabis successfully more
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than 99% of the time. Low total THC marijuana can be properly
sorted from legal hemp more than 95% of the time. This means
mid-IR can be used by law enforcement, forensic laboratories, and
state departments of agriculture to reduce false arrests, streamline
laboratory operations, and more easily and cheaply perform representative sampling.

your laboratory
CGM LABDAQ® is the leading laboratory
information management system. Accurate,
intuitive LIMS software to streamline your
cannabis testing.
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The Role of Cannabinoids
in the Global Fight Against
Antibiotic Resistance

A

NTIMICROBIAL RESISTANCE IS a critical
issue among the global healthcare community. Based on reports from global health authorities and hospitals, the World Health Organization (WHO) has identified 12 pathogens with increased
antibiotic resistance, including Methicillin-resistant Staphylococcus aureus (MRSA) (1). In the United States, MRSA infections topped 300,000 every year since 2005, resulting in
more than 10,000 deaths and $1.7 billion in healthcare costs
in 2017 (2). Similarly, the Canadian Antimicrobial Resistance
Surveillance System reported that the rate of MRSA infections within sentinel hospitals increased since 2015 from 2.8
to 3.17 cases per 10,000 patient-days in 2017 (3). The prospect of losing lives to avoidable infections is real, particularly
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during spikes in healthcare use that may overburden
healthcare systems, compromise sanitation practices, and
further exacerbate the emergence of antimicrobial resistance. COVID-19 has created such a spike in healthcare use
on a global scale, and in preparation for future healthcare
crises, novel antibiotic tools need to be developed now to
support strained healthcare systems.
Current in vitro evidence suggests that cannabinoids such as tetrahydrocannabinol (THC), cannabidiol
(CBD), cannabigerol (CBG), cannabinol (CBN), and cannabichromene (CBC) possess potent activity against a
range of gram-positive bacteria including MRSA, as well
as gram-negative bacteria when supplemented without
membrane penetrating agents (4–6). In particular, CBG
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presents superior activity in the real-world applications of biofilm inhibition, biofilm eradication, and
antibacterial activity at concentrations well below toxic levels that are
achievable in topical formulations
with utility in over-the-counter and
acute care clinical settings (5). Cannabinoids present an opportunity to
develop a novel and highly effective
antibiotic pipeline. Further in vivo
work is required to validate the antibacterial efficacy of cannabinoids
when administered orally, intravenously, or through other routes for
systemic treatment. Cellular agriculture offers a way to produce pure and
consistent cannabinoids for further
research and integration into end
products for this specific utility (7).

Chudakov / adobestock.com

Early Studies Show
Effectiveness
of Cannabinoids Against
Gram-Positive Bacteria
In response to these healthcare challenges, researchers have focused their
efforts on evaluating cannabinoids as
potential antibacterial agents against
both gram-positive and gram-negative
bacteria, which have different cell wall
structures (Figure 1). Gram-positive
bacteria have a cytoplasmic membrane surrounded by a thick peptidoglycan layer, while the more numerous
and varied gram-negative bacteria
have three layers, including a thin
peptidoglycan layer surrounded by an
elaborate outer membrane studded
with complex sugars.
One of the first studies in this domain evaluated the antibacterial
properties of delta-9-THC and CBD
against seven different pathogens
that included both gram-negative and
gram-positive bacteria (4) (Table I).
This early work suggested that 1–5 µg/
mL THC and CBD possess both bacteriostatic (prevent further growth)
and bactericidal (kill existing cells)
properties against gram-positive
cannabissciencetech.com
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Figure 1: Bacterial cell wall structure of gram-negative (A) and gram-positive
(B) bacteria.

Table I: The minimum inhibitory concentration (MIC) (µg/mL) of THC and CBD against various gram-positive (grey shading) and gram-negative (gold shading) pathogens in nutrient
broth and horse blood agar (4)
Pathogen

Nutrient Broth Agar

Horse Blood Agar

THC

CBD

THC

CBD

2–5 μg/mL

1–5 μg/mL

20–50 μg/mL

20–50 μg/mL

Streptococcus pyogenes

5 μg/mL

2 μg/mL

50 μg/mL

50 μg/mL

Streptococcus milleri

2 μg/mL

1 μg/mL

50 μg/mL

50 μg/mL

Streptococcus faecalis

5 μg/mL

5 μg/mL

E. coli

> 100 μg/mL

> 100 μg/mL

Salmonella typhi

> 100 μg/mL

> 100 μg/mL

Proteus vulgaris

> 100 μg/mL

> 100 μg/mL

S. aureus

bacteria but have no effect on
gram-negative bacteria because they
are unable to cross the thick bacterial
outer membrane unassisted.
These findings were in agreement
with more recent research, which utilized in vitro susceptibility models
to assess the antibacterial activity of
five cannabinoids (THC, CBD, CBG,
CBC, and CBN) against gram-positive MRSA (5). In this work, the minimum inhibitory concentration (MIC)
required to prevent bacterial growth
of THC, CBD, CBG, CBC, and CBN
was reported as < 2 µg/mL (Table II).
This activity was found to be comparable to several commonly used antibiotics, suggesting that cannabinoids
are potent antibacterial compounds
when applied directly to the pathogen
site, as is the case with topical administration. A separate study reported
july/august 2020

Not tested

similar results for the same cannabinoids against a different strain of
MRSA (USA300), with the exception
of CBC (Table II) (6). The agreement
between these two studies serves as
promising evidence of the potential
that cannabinoids offer as topical antibacterial agents for gram-positive
bacteria.

Cannabinoids May Also
Inhibit and Eradicate
Biofilm Formation
While bacterial growth is a concern
for bacterial spread, biofilm formation
is regarded as a critical factor contributing to infection duration because of
its heartiness in the face of traditional
hygiene and subsequent accumulation
on surfaces and in reservoirs, particularly in hospitals and other healthcare
settings. In this context, one study
|
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Table II: The MIC (μg/mL) of the five major cannabinoids against various drug-resistant strains of gram-positive S. aureus (5,6). Strains
include SA-1199B (multidrug resistance, particularly for fluoroquinolones), RN-4220 (macrolide resistant), XU-212 (tetracycline resistant),
EMRSA-15 and EMRSA-16 (methicillin resistant), and ATCC 25923 (standard laboratory strain). Four antibiotics from the fluoroquinolones,
macrolide, tetracycline, and penicillin families were included as benchmarks. The antibiotic that each strain is resistant to is highlighted
in gold.
ATCC 25923 (8)

SA-1199B (8)

RN-4220 (8)

XU-212 (8)

EMRSA-15 (8)

EMRSA-16 (8)

MRSA
USA300 (9)

CBD

0.5 μg/mL

1 μg/mL

1 μg/mL

1 μg/mL

1 μg/mL

1 μg/mL

2 μg/mL

CBG

1 μg/mL

1 μg/mL

1 μg/mL

1 μg/mL

2 μg/mL

1 μg/mL

2 μg/mL

CBC

2 μg/mL

2 μg/mL

2 μg/mL

1 μg/mL

2 μg/mL

2 μg/mL

8 μg/mL

THC

1 μg/mL

2 μg/mL

1 μg/mL

1 μg/mL

2 μg/mL

0.5 μg/mL

2 μg/mL

CBN

1 μg/mL

1 μg/mL

1 μg/mL

1 μg/mL

1 μg/mL

Not tested

2 μg/mL

Cannabinoid

Norfloxacin (Fluoroquin.)

1 μg/mL

32 μg/mL

1 μg/mL

4 μg/mL

0.5 μg/mL

128 μg/mL

Not tested

Erythromycin (Macrolide)

0.25 μg/mL

0.25 μg/mL

64 μg/mL

>128 μg/mL

>128 μg/mL

>128 μg/mL

Not tested

Tetracycline

0.25 μg/mL

0.25 μg/mL

0.25 μg/mL

128 μg/mL

0.125 μg/mL

0.125 μg/mL

Not tested

Oxacillin (β-lactam)

0.125 μg/mL

0.25 μg/mL

0.25 μg/mL

>128 μg/mL

32 μg/mL

>128 μg/mL

Not tested

explored the ability of THC, CBC,
CBG, CBN, and CBC to inhibit MRSA
biofilm formation, and to eradicate
preformed biofilms of MRSA (6). The
results indicated that these cannabinoids were able to inhibit biofilm
formation, and that this inhibitory
activity was correlated with their
antibacterial activity as measured by
MIC against gram-positive pathogens.
In particular, CBG was identified
as the most effective cannabinoid capable of inhibiting 50% of biofilm
formation at 0.5 μg/mL. CBG was
also able to eradicate preformed biofilms (minimum biofilm eradication
concentration of 4 μg/mL) and kill
MRSA persister cells (MIC of 5 μg/
mL). Furthermore, MRSA did not develop resistance to CBG, even when
treated with lethal concentrations of
CBG ranging from 2 to 16x MIC and
cultured for 15 days, an important
finding in the context of antibacterial resistance. Collectively, these findings suggest that the antibacterial
activity of CBG may extend beyond

42

topical antibiotic applications and be
suited for antibacterial coating applications for medical equipment, such
as stents.

With Some Assistance,
Cannabinoids Show
Promise Against GramNegative Pathogens
Gram-negative bacteria are frequently
to blame for infections and are often
difficult to treat in part because of the
protective polysaccharide shell that
surrounds their outer lipid membrane.
Indeed, eight of the 12 WHO Priority
Pathogens previously mentioned are
gram-negative. While previous findings suggested that the antibacterial
activity of cannabinoids was limited to
gram-positive pathogens, a more recent
study showed how the coadministration of a commonly used gram-negative
antibiotic can improve the antibacterial activity of cannabinoids against
gram-negative pathogens (6).
The study determined the effectiveness of CBG, CBN, CBD, CBC,
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and THC against a laboratory strain
of gram-negative E. coli following
coadministration of Polymyxin B, a
topical antibiotic that disturbs the
outer membrane characteristic to
gram-negative bacteria and is used
in the commercially available topical ointment Polysporin (Johnson &
Johnson). In all cases, coadministration of Polymyxin B enabled the cannabinoids to act as effective antibacterial agents against the laboratory
strain with MIC values below 1 μg/mL
(Table III). However, the dose of Polymyxin B required to enable this activity varied with each cannabinoid.
In particular, CBC and THC required
the lowest amount of Polymyxin B to
prevent bacterial growth, while all
other cannabinoids required twice
the amount of Polymyxin B to achieve
the same synergistic effect.
In the same study, CBG was selected for further testing against additional gram-negative pathogens
given its superior effects against biofilms and persister cells (Table III).
cannabissciencetech.com
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Table III: The MIC of CBG, CBN, CBD, CBC, and THC against various gram-negative pathogens when coadministered with sublethal-doses
of Polymyxin B (5). Lethal doses of Polymyxin B against each pathogen are listed in row 1.
Treatment

Lab Strain

Clinical Isolates

E. coli

E. coli

K. pneumoniae

P. aeruginosa

A. baumannii

Polymyxin B
(lethal dose)

0.25 μg/mL

0.3 μg/mL

1 μg/mL

0.3 μg/mL

0.5 μg/mL

CBG
(Polymyxin B)

1 μg/mL
(0.061 μg/mL)

1 μg/mL
(0.061 μg/mL)

0.5 μg/mL
(0.32 μg/mL)

1 μg/mL
(0.32 μg/mL)

0.5 μg/mL
(0.32 μg/mL)

CBN
(Polymyxin B)

1 μg/mL
(0.061 μg/mL)

CBD
(Polymyxin B)

0.5 – 1 μg/mL
(0.061 μg/mL)

CBC
(Polymyxin B)

1 μg/mL
(0.032 μg/mL)

THC
(Polymyxin B)

1 μg/mL
(0.032 μg/mL)

Coadministration of Polymyxin B
proved to enable CBG’s antibacterial
activity against a clinical strain of E.
coli, K. pneumonia, P. aeruginosa, and
A. baumannii at varying concentrations not exceeding 1 μg/mL.

Cellular Agriculture Offers a
Way to Further Understand
Antibiotic Cannabinoids
Crucially, the existing pool of antibiotic cannabinoids—together with the
barely explored minor cannabinoids—
form an extensive and coherent
pipeline that awaits development. The
current research suggests that cannabinoids are well-suited antibiotic
agents when applied topically, particularly against gram-positive pathogens,
while action against gram-negative
bacteria is enabled by coadministration of a secondary antibiotic.
Ongoing in vitro and in vivo work
will undoubtedly further our understanding of the topical and systemic
antibiotic properties of cannabinoids;
however, it can be very difficult to
cannabissciencetech.com
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source high-quality, pure cannabinoid ingredients at exact dosages to
meet requirements for this research.
Cellular agriculture offers a means to
produce consistent, uncontaminated cannabinoid ingredients at scale
to keep pace with the anticipated increase in research around antimicrobial use cases and demand by the
health and pharmaceutical markets.
Further research will undoubtedly
cement their utility in the global fight
against antibiotic resistance.
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Setting the Standard for
Cannabis Labeling:
Introducing the Universal Cannabis Product
Symbol and the Universal Cannabis Information Label
By DAV I D L . N AT H A N

As the US Federal government and individual states move toward legalization of cannabis for medical and
adult use, universal labeling standards are essential. Legalized states have adopted a patchwork of labeling
schemes that often fail to serve the needs of public health, public safety, patients, or consumers. This article
proposes cannabis labeling standards to serve as a foundation for the regulation of cannabis product
packaging for both medical and adult-use products. The two key elements presented include a Universal
Cannabis Product Symbol (UCPS) and a Universal Cannabis Information Label (UCIL) that can be applied
to the full range of product types. The UCIL provides standardized product information; information
about cannabinoids, terpenes, and flavonoids; product warnings; the product’s lot number and expiration
date; and a QR code that can link to further information. When applicable, the UCIL will also include
product ingredients and quantification of a serving or dose. State and federal regulators—as well as other
stakeholders—are encouraged to contact the author for permission to adopt or adapt these designs.

A

S THE US Federal government and individual
states move toward full legalization of cannabis for adults, the regulation of cannabis product labeling is essential to ensure the protection of public health and safety.
Currently, each state that legalized cannabis for medical or adult use has adopted a different set of requirements
for cannabis labeling. These standards vary widely in content and quality. Many cannabis product symbols are poorly designed. In the worst cases, labels are printed in small
typeface, provide ambiguous and confusing information,
and fail to serve the interests of cannabis patients and
consumers.
Cannabis regulations generally, and labeling regulations
specifically, must strike a reasonable balance. If too lax,
then the regulations will fail to protect public health and
safety. If too strict and overly encumbering, then the nascent legal market will have difficulty competing with unregulated supply chains, and the untaxed, illegal trade will
continue to thrive. Also, over-regulation in labeling can
have the effect of obscuring critical information that could
be buried in a well-intentioned but unnecessarily detailed
or alarmist set of data, warnings, and other text.
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As a beginning of what will surely be an iterative process, the author proposes two key elements of a single cannabis labeling standard for both medical and adult-use
cannabis products:
 Universal Cannabis Product Symbol (UCPS) on the
A
exterior of packages, so adults and children can
immediately identify cannabis products and differentiate
them from other types of products
⦁ A Universal Cannabis Information Label (UCIL) with
critical and actionable information about the product,
presented in a format that literate lay people can easily
understand
⦁

Universal Cannabis Product Symbol:
“Caution Before Cannabis”

Excluding products that meet the federal definition of
hemp, all cannabis products, defined as any product containing plant material, extracts, or synthetically produced
phytocannabinoids of Cannabis sativa L., should utilize
a single set of standards. The author encourages state
regulators to adopt or adapt these standards, as a first step
toward a national standard in the United States.
cannabissciencetech.com
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Figure 1 introduces a novel design
for a universal symbol to appear on all
cannabis product packages. Only legal,
properly tested, and regulated cannabis products should be licensed to bear
this symbol.
FIGURE 1

UCPS: "Caution Before
Cannabis."

The symbol, which represents
“Caution Before Cannabis,” features a
bold exclamation point centered in
front of a cannabis leaf, with the two
graphics framed with a rounded
triangular caution sign in a contrasting color.
This symbol should be prominently displayed against a plain background
on the main facing side of the product package. The height of the symbol
should be no less than 10% of the smallest dimension of the package face, with
a minimum size of 3/4 in. (1.9 cm).
Several color combinations are possible, but only one will be chosen for
the UCPS to promote ease of identification (see Figure 2). The decision
about which color scheme to use remains open for discussion. In general, the most recognizable caution sign
uses black on a yellow background.
Red is frequently used to call attention to warnings, so versions with red
are shown here. Cannabis is associated with the color green, and that could
aid with ease of recognition, but colors
cannabissciencetech.com
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UCPS in different color combinations.

other than red, yellow, and black are
seldom used on caution signs. Finally,
a black and white version may be needed when printing is only possible in
black and white.
The word “CANNABIS” should be
printed in capital letters below the symbol if not prominently and clearly displayed elsewhere on the front of the
package. Text should be in Helvetica or
Arial (black or bold) typeface, using a
location and size proportional to
lettering and symbol as shown in
Figure 3, with a minimum 12-point font
size. The text color should be black or
white, whichever is most prominent
against the background.
This symbol was designed in Adobe
Illustrator and will be freely available
for download and use by package designers in multiple formats (PDF, PNG,
JPEG, and so on). The version with text
will also be provided for download.
This design has several advantages
compared to current cannabis product
symbols (see Figure 4). The exclamation point centered in a yellow triangle is the most familiar visual device
that communicates caution or warning
without implying prohibition of use or
exaggerated dangers (such as a stop
sign). While “THC” is a device that has
been used to represent cannabis, many
people do not know the significance of
THC and its connection to cannabis.
The symbol includes an outline of
the most recognizable device specific to cannabis—a mature cannabis leaf—that does not promote its
use or represent a means of consumption. The silhouette of the leaf is realistically rendered, improving ease

FIGURE 3

UCPS with text.

CANNABIS
of recognition and educating the public on the identification of cannabis
plants. Because the exclamation point
is superimposed on the leaf, they are
both large, improving ease of recognition. The placement of the exclamation
point over the leaf conveys an important message, making the symbol emblematic of an important public health
principle: “Caution Before Cannabis.”

Universal Cannabis
Information Label
The Universal Cannabis Information
Label (UCIL) includes all information
that is particular to the product and necessary for informed, safe consumption.
This label is printed on or affixed
to cannabis product packages. Only
legal, properly tested, and regulated
products should be permitted to bear
this label. The label is divided into
five sections that are color coded and
contained within boxes, as shown in
Figure 5.
Several categories of information are
intentionally excluded from the UCIL:
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1. Information that isn’t directly
related to the objective attributes
of the product or would appear
elsewhere on the package
2. Commercial information about the
manufacturer; sativa, indica, or
hybrid info; strain name; and other
product branding
3. Food allergy information
4. Information that should be the same
in all legal, regulated products (for
example, pesticide-free)

FIGURE 4

The proposed "Caution Before Cannabis" symbol, shown with various North American
cannabis product symbols currently in use.

CA

CO

MA & ME

MI

NV

OR

WA

Canada

Adapting the UCIL for
Medical Cannabis and
Adult-Use Cannabis
To ensure that patients and consumers
only need to comprehend one “universal” cannabis information label scheme,
the UCIL is designed for nearly identical labeling for both medical cannabis
and adult-use (that is, "recreational")
cannabis. While there are numerous
legal distinctions between medical and
adult-use cannabis, the products themselves are interchangeable. All adultuse cannabis products may be used by
patients for medical purposes, while
some product forms—such as suppositories—are almost exclusively formulated for medical use. Thus, the terms
“serving,” “serving size,” and “consumer,” which are appropriate for the adult
use of cannabis, can be substituted
with terms like “dose” and “patient”
when the product is grown and sold for
medical use (see Figure 6).
To clearly distinguish between medical and adult-use cannabis products,
medical cannabis products should display the statement: “FOR MEDICAL
USE ONLY” prominently on the package, using Helvetica or Arial Black typeface at a 12 point font size in a color
contrasting the background.

Individually Boxed
Sections of the UCIL
Cannabis Information:
Product and Serving Information

FIGURE 5

Sections of a sample UCIL.

CANNABIS INFORMATION
SCAN
Product form:
FOR
MORE
Inhaled extract
INFO
Product weight:

0.5g (0.018 oz)
Total THC in product: 350mg

QR code
Product and serving
information

CANNABINOID PROFILE

Total THC
THCA
Total CBD
CBDA

Other cannabinoids:
CBN 0.1%, CBG 0.05%

70.1%
2.3%
4.4%
1.4%

Terpenes & flavonoids:
Limonene 0.2%, β-Pinene 0.2%
INACTIVE INGREDIENTS: PEG 400,
coconut oil.

WARNINGS: Keep out of reach of
children and pets. This product may
be addictive. The potency of some
cannabis extracts requires cautious
inhalation to avoid overconsumption.
Do not drive or operate machinery
while intoxicated. This product may
pose significant health risks to pregnant or breastfeeding women, minors,
and people with psychiatric disorders.
Lot SFTDN-287002 Exp 04/18/23

THC and CBD
measurements
(required)
Other cannabinoid,
terpene and flavonoid
measurements
(optional)
Ingredients/
Inactive ingredients

Health warnings

Lot number and
expiration date

This section provides the most basic and
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critical information about the product.
It is displayed at the top of the UCIL,
and therefore carries the header
“CANNABIS INFORMATION.” The
blue cannabis information box includes
information about the product form
(flower, inhaled extract, oral extract,
edible, and so forth), product weight
(in grams and ounces, or milliliters
and fluid ounces), serving size (when
applicable to the product form), total
servings per package, and a QR code.
The number of approved product
forms should be large enough to include all regulated products, but small
enough to minimize confusion by patients and consumers. The units used
for product weight are determined by
the product form: grams and ounces
for most products, and milliliters and
fluid ounces for some liquid products.
While the number of product forms
is flexible if new means of consumption are developed, for now there are
seven product forms:
1. F lower
2. Inhaled extract
3. Oral extract
4. Edible or drinkable
5. Topical
6. Suppository
7. Transdermal patch

A serving size or dose is based on
a standard amount of tetrahydrocannabinol (THC). While experts disagree on the optimal serving size for
consumers and a dose for patients,
with a usual range of 5–15 mg, for this
prototype label the author has chosen
the commonly used serving size or
dose of 10 mg of THC. At the bottom
of the cannabis information box is a
definition linked to serving size or
dose by an asterisk (*). Total servings
is simply a calculation of the total
weight of the packaged product divided by the weight of a single serving or
dose containing 10 mg of THC.
A QR code provides patients and
consumers additional information
cannabissciencetech.com
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Sample UCILs for identical medical versus adult-use cannabis flower.

UCIL for medical cannabis product

UCIL for adult-use cannabis product

CANNABIS INFORMATION

CANNABIS INFORMATION

*Dose based on estimated inhalation and
absorption of 10mg of heated Total THC.
Dose for flower consumed orally is 40%
of the number shown. Actual ingestion
may vary significantly.

*Serving size based on estimated inhalation and absorption of 10mg of heated
Total THC. Serving size for flower consumed orally is 40% of the number shown.
Actual ingestion may vary significantly.

Product form: Flower
Weight: 3.5g (1/8 oz)
Dose: 166mg*
Total doses: 21

SCAN
FOR
MORE
INFO


CANNABINOIDS IN ONE DOSE

Total THC
THCA
Total CBD
CBDA

15.1%
2.3%
13.4%
1.4%

10.0mg
1.5mg
8.9mg
0.9mg

Other cannabinoids (mg/dose):
CBN 0.63, CBG 0.30

Terpenes & flavonoids (mg/dose):
β-Caryophyllene 3.4, Myrcene 2.5,
Linalool 0.2, Limonene 7.7, α-Humulene
2.3, α-Pinene 1.9, β-Pinene 1.0

Product form: Flower
Weight: 3.5g (1/8 oz)
Serving size: 166mg*
Total servings: 21

SCAN
FOR
MORE
INFO


CANNABINOIDS IN ONE SERVING
Total THC
15.1% 10.0mg
THCA
2.3%
1.5mg
Total CBD
13.4%
8.9mg
CBDA
1.4%
0.9mg
Other cannabinoids (mg/serving):
CBN 0.63, CBG 0.30

Terpenes & flavonoids (mg/serving):
β-Caryophyllene 3.4, Myrcene 2.5,
Linalool 0.2, Limonene 7.7, α-Humulene
2.3, α-Pinene 1.9, β-Pinene 1.0

WARNINGS: Keep out of reach of
children and pets. This product may
be addictive. Do not drive or operate
machinery while intoxicated. This
product may pose significant health
risks to pregnant or breastfeeding
women, minors, and people with psychiatric disorders.

WARNINGS: Keep out of reach of
children and pets. This product may
be addictive. Do not drive or operate
machinery while intoxicated. This
product may pose significant health
risks to pregnant or breastfeeding
women, minors, and people with psychiatric disorders.

Lot SFTDN-287002 Exp 04/18/23

Lot SFTDN-287002 Exp 04/18/23

about the product or offers information about safe use and the health effects of cannabis, either in encoded
text or a link to a webpage.

Cannabinoid Profile,
Cannabinoids in One Serving,
or Cannabinoids in One Dose

This section, framed in a green box,
provides patients and consumers with
product data about cannabinoids,
terpenes, and flavonoids.
Several guidelines are followed in
this section:

1. M easurements of THC and
cannabidiol (CBD) are required
2. T etrahydrocannabinolic acid (THCA)
and cannabidiolic acid (CBDA) are
required when relevant to the product
form and means of consumption

3. T he most important compounds
are shown in boldface
4. T his section includes relevant
but optional measurements of
other cannabinoids, terpenes, and
flavonoids
5. For edibles, this section also
includes essential nutritional
information in a subsection
entitled "Nutrients in One Serving"
6. T HCA and CBDA are listed
separately given their distinct
properties when consumed in
unheated products
7. T HCA and CBDA are not listed
separately in edibles, when the
product is heated at some point
before use, as heat converts
those compounds into Δ⁹-THC and
Δ⁹-CBD

july/august 2020  |   cannabis science and technology ®

47
8/7/20 1:38 PM

feature

/

manufacturing/processing

8. F lower and inhaled extracts may
be consumed unheated if prepared
and consumed at low temperature
rather than smoked or vaporized
9. The active form of THC (Δ⁹-THC)
should also be listed separately for
oral extracts, as the THCA is generally
not heated after laboratory testing
of this product form
10. All measurements of THC and other
product components should be
derived from testing at approved
and licensed laboratory facilities

For the purposes of the UCIL, the
calculation of total THC from THCA
and Δ⁹-THC must account for the lower molecular weight of Δ⁹-THC, which
is 87.7% of THCA’s molecular weight.
Thus, total THC = (% or mg of THCA
* 0.877) + (% or mg of THC). Likewise, the calculation of total CBD from
CBDA and Δ⁹-CBD must account for
the lower molecular weight of Δ⁹-CBD,
which is 87.7% of CBDA’s molecular
weight. Thus, total CBD = (% or mg of
CBDA * 0.877) + (% or mg of CBD).

Ingredients or
Inactive Ingredients

Framed in a brown box, this section
only appears in the UCIL for relevant
product forms. Ingredients are listed for
edibles and contains all ingredients, including cannabis and its derivatives. Inactive ingredients are listed for inhaled
extracts, oral extracts, topicals, and
suppositories; and when used it excludes
cannabis and its derivatives.

Warnings

The warnings section, framed in red, is
designed to be comprehensive enough
to cover key at-risk groups, but the
text is concisely worded to maximize
the likelihood that patients and consumers will read and remember the
contents of the label.
There are standard warnings for all
cannabis products, targeting groups at
risk from cannabis consumption:

48

1. All users (at risk for cannabis use
disorder)
2. Small children (at risk for
accidental consumption)
3. Minors (at risk for intentional,
nonmedical consumption)
4. Adults with psychiatric disorders
(including psychosis and substance
use disorders)
5. Pregnant and breastfeeding women
6. Patients and consumers driving or
operating machinery

All UCILs include these standard
warnings: “Keep out of reach of children
and pets. This product may be addictive.
Do not drive or operate machinery while
intoxicated. This product may pose significant health risks to pregnant or breastfeeding women, minors, and people with
psychiatric disorders.”
There are additional specific warnings for particular product forms:
1. O verconsumption of inhaled
extracts: “The potency of some
cannabis extracts requires
cautious inhalation to avoid
overconsumption.”
2. O verconsumption of edibles:
“Do not exceed serving size.”
3. Oral consumption of topicals:
“For external use only.”
4. D elayed effects of oral extracts
and edibles: “Intoxicating effects
may be delayed by more than 2
hours and can last up to 8 hours.”

Lot Number (“Lot”) and
Expiration Date (“Exp”)

If other sections of the UCIL are
unique and customized to each lot (as
is the case for flower, which is always
unique in its cannabinoid profile), then
the lot number and expiration date are
included on the custom printed UCIL.
If homogenization of the product allows
for identical labels across many lots (as
for some edibles or topicals), then the
lot number and expiration date may be
included on the label or legibly printed
or embossed elsewhere on the package.

cannabis science and technology ®  |   vol 3. no. 6
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Style Guide
This template was created using Adobe InDesign and is designed for ease
of use. The template will be available
for download by regulators, manufacturers, and package designers.
The selection of typeface and
weight are intended to make information organized, clear, and easily understood by lay people. “Cannabis Information,” “CANNABINOIDS IN
ONE SERVING,” “CANNABINOID
PROFILE,” “NUTRIENTS IN ONE
SERVING,” and “WARNINGS” appear in Helvetica or Arial Black typeface, while all other text is in Helvetica or Arial Regular typeface. The lot
number and expiration date appear
in Arial Black typeface, but “Lot”
and “Exp” appear in Helvetica or Arial Regular. The information about
product information should be in
Helvetica or Arial Bold typeface. All
“WARNINGS” text should be in Helvetica or Arial Bold. “Total THC,”
“Total CBD,” “THC,” “CBD,” and associated numerical values should be
in Helvetica or Arial Bold. All other text should be in Helvetica or Arial Regular.
Text should be clearly printed in a
font size no smaller than 8 point, and
headings should be proportionately
larger as indicated in the UCIL samples provided here.
For ease of comprehension, and
given margins of error in measurements, all numbers may be rounded
to the fewest number of digits needed for 95% correlation between actual and estimated numbers. Thus, 26.6
can be rounded to 27 (>95% accuracy), but 4.6 should not be rounded to
5 (<95% accuracy). Actual numbers
should be used in all calculations.

Layout Options
The individual sections can be rearranged for different sizes and shapes
of packages, as shown in Figure 7,
with the exception that the brown
cannabissciencetech.com
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“Ingredients” box may not be placed
at the top of stacked UCIL sections. If
the UCIL is unique to each lot (as is
always the case for flower), then the
label may be printed onto a sticker
that is securely affixed to the package.
However, if homogenization of the
product allows for identical labels
across many lots (as for some edibles
or topicals), then the label may be
included in the package design. If the
package is too small to include the label, then a printed copy may be placed
inside the package, as long as a copy is
clearly displayed with the product at
the point of sale.

UCIL Samples for
Different Product Forms
While the UCIL is designed for simplicity and uniformity, minor variations are
necessary for different product forms.
Thus, labels for flower do not require
a section on ingredients, while edibles
are the only category that includes
nutrition information. What follows are
sample UCILs and specific notes for
each of the seven defined product forms.
I. U
 CIL for flower (Figure 8)
A. Examples: Flower, shake
B. Cannabis Information (blue box)
1. Factors determining cannabis
flower serving size (or dose in
the case of medical cannabis):
(a) 60% loss through the
process of inhalation by
vaporization or smoking,
which means that 40% of the
product is actually consumed
(b) Full activation of THCA to
THC by heating through
vaporization or smoking
(c) X% = (weight of THC / weight
of flower) * 100
2. S erving size is based on
estimated inhalation and
absorption of 10 mg of heated total
THC. In other words, the serving
size is the weight of flower (in mg)
cannabissciencetech.com
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Alternate layout of sample UCIL sections.

CANNABIS INFORMATION
Product Form: Flower
Weight: 3.5g (1/8 oz)
Serving size: 166mg*
Total servings: 21

SCAN
FOR
MORE
INFO


*Serving size based on estimated
inhalation and absorption of 10mg of
heated Total THC. Actual ingestion may
vary significantly.
Lot SFTDN-287002 Exp 04/18/23

CANNABINOIDS IN ONE SERVING
Total THC
15.1% 10.0mg
THCA
2.3%
1.5mg
Total CBD
13.4%
8.9mg
CBDA
1.4%
0.9mg
Other cannabinoids (mg/serving):
CBN 0.63, CBG 0.30

Terpenes & flavonoids (mg/serving):
β-Caryophyllene 3.4, Myrcene 2.5, Linalool 0.2, Limonene 7.7, α-Humulene 2.3,
α-Pinene 1.9, β-Pinene 1.0

needed for absorption of 10 mg of
X% total THC through vaporization
or smoking
(a) T he UCIL should note that
the loss through inhalation
does not apply to the
preparation of homemade
edibles from flower, so
the serving size of orally
consumed flower is 40% of
the stated serving size
3. Formula: Serving size in mg =
10 mg / (X% of total THC * 40%
yield during inhalation)
(a) E
 xample: For 15.1% THC
flower, the calculation is
10 / (0.151 * 0.4) = 165.5 mg,
rounded to 166 mg
(b) E xample: For 15.1% THC
flower, the calculation is
10 / (0.151 * 0.4) = 165.5 mg,
rounded to 166 mg
4. Servings per container is the
number of servings of 10 mg of
absorbed total THC in the container
(a) Servings in 1/8 oz (that is,
3540 mg) container of flower
= 3540 mg/serving size
(b) Example: For 15.1% THC flower,
the calculation is 3540/165.5 =
21.3, rounded to 21
5. Printed message about the basis
for serving size: “Serving size is
based on estimated inhalation
and absorption of 10 mg of
heated total THC. Serving size for
flower consumed orally is 40%
of the number shown. Actual
ingestion may vary significantly.”

FIGURE 8

Elsewhere on package...
WARNINGS: Keep out of reach of
children and pets. This product may
be addictive. Do not drive or operate
machinery while intoxicated. This product may pose significant health risks
to pregnant or breastfeeding women,
minors, and people with psychiatric
disorders.

Sample UCIL for flower.

CANNABIS INFORMATION
Product form: Flower
Weight: 3.5g (1/8 oz)
Serving size: 166mg*
Total servings: 21

SCAN
FOR
MORE
INFO


*Serving size based on estimated inhalation and absorption of 10mg of heated
Total THC. Serving size for flower consumed orally is 40% of the number shown.
Actual ingestion may vary significantly.
CANNABINOIDS IN ONE SERVING
Total THC
15.1% 10.0mg
THCA
2.3%
1.5mg
Total CBD
13.4%
8.9mg
CBDA
1.4%
0.9mg
Other cannabinoids (mg/serving):
CBN 0.63, CBG 0.30

Terpenes & flavonoids (mg/serving):
β-Caryophyllene 3.4, Myrcene 2.5,
Linalool 0.2, Limonene 7.7, α-Humulene
2.3, α-Pinene 1.9, β-Pinene 1.0

WARNINGS: Keep out of reach of
children and pets. This product may
be addictive. Do not drive or operate
machinery while intoxicated. This
product may pose significant health
risks to pregnant or breastfeeding
women, minors, and people with psychiatric disorders.
Lot SFTDN-287002 Exp 04/18/23

C. L ot number and expiration date
(black box)
1. Because multiple sections of the
UCIL are unique to each batch
of flower, the lot number and
expiration date should be included
on the custom printed UCIL
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Sample UCIL for inhaled
extracts.

1. O ral extracts are defined as
products that are retained
in the mouth for mucosal
absorption rather than
swallowed for gastrointestinal
absorption
(a) A hard candy or lozenge is
considered an edible for
adult-use cannabis products
and an oral extract for
medical cannabis products
2. D ose (or serving size) units
depend upon the type of extract,
for example, units of tablets or
lozenges, volume of tinctures
3. B
 ecause the product is
generally not heated between
testing and consumption, 10 mg
of the active form of THC is the
basis for one dose.
4. Printed message about the basis
for serving size: “Dose is based
on oral ingestion of 10 mg of the
active form of THC.”

can be easily divided into
equal, individual servings
(b) T he serving size in this
sample assumes full
activation of THCA to THC
through heating at some
stage in the preparation
of the edible product, so
total THC and THCA are not
differentiated on the label
4. Printed message about the basis
for serving size: “Serving size
is based on 10 mg of the active
form of THC. New users should
start with one-half of a serving
(5 mg of THC).”
5. E ssential nutrition information
should be listed, including
ingredients, calories, total fat,
total carbohydrate, protein, and
sodium
6. Ingredients include any
cannabis derivative contained
in the product

IV. U CIL for Edible or Drinkable
Products (Figure 11)
A. E xamples: Brownies, gummies,
cannabutter, cannabis-infused
drinks
B. N otes
1. E dibles are differentiated from
oral extracts if the product is
swallowed rather than retained
in the mouth for mucosal
absorption
(a) A hard candy or lozenge
is considered an edible
for adult-use cannabis
products and an oral
extract for medical
cannabis products
2. For cannabis-infused drinks, the
term “Drinkable” is substituted
for the word “Edible” on the UCIL
3. S
 erving size (or dose) should
be based upon the weight
or volume of the product
containing 10mg of THC
(a) T he product itself should be
scored or molded so that it

V. UCIL for Topical Products (Figure 12)
A. E xamples: Creams, lotions,
ointments
B. N otes
1. S erving size cannot be easily
quantified because it depends
upon the area of application
2. T his product label should only be
used for cannabis products that
are specifically formulated for
external use, and if the product is
flavored for oral consumption, it
should be labeled as an edible or
drinkable product form
3. Although topically applied
cannabis extracts are unlikely
to lead to the absorption of THC
or intoxication, warnings should
include all standard warnings
and a warning about the delayed
and prolonged effects of oral
consumption

CANNABIS INFORMATION
SCAN
Product form:
FOR
Inhaled extract
MORE
INFO
Product weight:

0.5g (0.018 oz)
Total THC in product: 350mg

CANNABINOID PROFILE

Total THC
THCA
Total CBD
CBDA

Other cannabinoids:
CBN 0.1%, CBG 0.05%

70.1%
2.3%
4.4%
1.4%

Terpenes & flavonoids:
Limonene 0.2%, β-Pinene 0.2%
INACTIVE INGREDIENTS: PEG 400,
coconut oil.

WARNINGS: Keep out of reach of
children and pets. This product may
be addictive. The potency of some
cannabis extracts requires cautious
inhalation to avoid overconsumption.
Do not drive or operate machinery
while intoxicated. This product may
pose significant health risks to pregnant or breastfeeding women, minors,
and people with psychiatric disorders.
Lot SFTDN-287002 Exp 04/18/23

II. U
 CIL for Inhaled Extracts (Figure 9)
A. E xamples: Hashish, oil concentrates,
vape pens, dabs, shatter, wax
B. N otes
1. Serving size cannot currently be
quantified because of variability
in inhalation and the difficulty
of accurately dividing small
amounts of a concentrated
product
2. Inactive Ingredients are
listed, given the need for
transparency about excipients,
especially since the emergence
of e-cigarette or vaping useassociated lung illness (EVALI)
III. U
 CIL for Oral Extracts (Figure 10)
A. E xamples: Tinctures, tablets
B. N otes
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VI. UCIL for Suppositories (Figure 13)
A. E xamples: Vaginal suppositories,
rectal suppositories
cannabissciencetech.com
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F I G U R E 10

Sample UCIL for oral extracts.

CANNABIS INFORMATION
Product form: Oral extract
Product weight: 40g
SCAN
FOR
Dose:
MORE
INFO
One lozenge (2g)*

Total doses: 20

*Dose based on oral ingestion of 10mg of
the active form of THC.

CANNABINOIDS IN ONE DOSE
Total THC
THC (active form)
THCA
Total CBD
CBDA

12.3mg
10.0mg
1.7mg
0.65mg
0.21mg

F I G U R E 11

Sample UCIL for edibles.

CANNABIS INFORMATION
Product Form: Edible
SCAN
Total weight:
FOR
160g (5.6 oz)
MORE
INFO
Serving size: 16g*

(one cookie)
Servings per container: 10

*Serving size based on 10mg of THC.
New users should start with one-half of a
serving (5mg of THC).
CANNABINOIDS IN ONE SERVING
THC
10.0mg
CBD
8.9mg
Other cannabinoids: CBN 0.02mg

Other cannabinoids: CBN 0.4mg

Terpenes & flavonoids:
Limonene 2.1mg

INACTIVE INGREDIENTS: Isomalt,
citric acid, natural lemon flavor.

NUTRIENTS IN ONE SERVING
Calories
80
Total Fat
3g
Total Carbohydrate
18g
1g
Protein
Sodium
60mg

Terpenes & flavonoids:
Limonene 0.2mg

WARNINGS: Keep out of reach of
children and pets. This product may
be addictive. Intoxicating effects may
be delayed by more than 2 hours and
can last up to 8 hours. Do not drive or
operate machinery while intoxicated.
This product may pose significant
health risks to pregnant or breastfeeding women, minors, and people with
psychiatric disorders.
Lot SFTDN-287002 Exp 04/18/23

B. N otes
1. D ose (or serving size) should be
one or more whole suppositories
2. Printed message about the basis
for one dose: “Dose is based on
10 mg of the active form of THC.”
3. T his product label should only
be used for cannabis products
that are specifically formulated
for use as suppositories
VII. U
 CIL for Transdermal Patches
(Figure 14)
A. E xamples: THC patch
B. N otes
1. D ose (that is, serving size) should
always be one patch
2. Printed message about the basis
for one dose: “Dose is based on
10 mg of THC.”
cannabissciencetech.com
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INGREDIENTS: Enriched wheat flower, chocolate chips (sugar, chocolate,
milkfat, cocoa butter, soy lecithin), sugar,
eggs, butter, brown sugar, vanilla extract,
baking soda, salt, cannabis extract.

WARNINGS: Keep out of reach of
children and pets. This product may
be addictive. Do not exceed serving size. Intoxicating effects may be
delayed by more than 2 hours and
can last up to 8 hours. Do not drive or
operate machinery while intoxicated.
This product may pose significant
health risks to pregnant or breastfeeding women, minors, and people
with psychiatric disorders.
Lot SFTDN-287002 Exp 04/18/23

3. T his product label should only be
used for cannabis products that
are specifically formulated for
external use
4. A lthough topically applied
cannabis extracts are unlikely
to lead to the absorption of THC
or intoxication, warnings should
include all standard warnings
and a warning about the
delayed and prolonged effects
of oral consumption

F I G U R E 12

/
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Sample UCIL for topicals.

CANNABIS INFORMATION
Product form: Topical
Product weight:
60ml (2 oz)
Total THC in product:
250mg

SCAN
FOR
MORE
INFO


CANNABINOID PROFILE

Total THC
THCA
Total CBD
CBDA

Other cannabinoids:
CBN 0.003%, CBG 0.004%

0.41%
0.17%
0.41%
0.09%

Terpenes & flavonoids: Linalool
0.002%, Limonene 0.027%, α-Humulene
0.002%, α-Pinene 0.0019%, β-Pinene
0.010%
INACTIVE INGREDIENTS: Coconut
oil, orange blossom extract.

WARNINGS: Keep out of reach of
children and pets. This product may
be addictive. For external use only.
Intoxicating effects may be delayed by
more than 2 hours and can last up to 8
hours. Do not drive or operate machinery while intoxicated. This product may pose significant health risks
to pregnant or breastfeeding women,
minors, and people with psychiatric
disorders.
Lot SFTDN-287002 Exp 04/18/23

Conclusion
The UCPS and UCIL set a high
standard for labeling in the nascent
regulated cannabis industry. The different labeling elements are designed
to serve the interests of patients,
consumers, public health, and public
safety.
When interstate cannabis commerce is permitted under Federal
law, a unique and universally adopted cannabis product symbol like the
UCPS will be critical to facilitate ease
of identification of cannabis products regardless of the state in which
they are manufactured. Likewise, the
UCIL will standardize the presentation of cannabis product information
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for the benefit of patients and
consumers.
Along with the UCPS and UCIL,
there are two other key aspects of
cannabis packaging that we will simply mention here, as they are beyond
the scope of this article:
⦁

⦁

O ther product information printed
legibly in a manner chosen by the
manufacturer
° N ame of product
° M anufacturer’s name
° A ttestations of purity (for
example, “pesticide-free”)
° O ther information relevant
to the product (for example,
name of strain, extraction
method, and so forth)
 ackage design conducive to
P
the safe adult or medical use of
cannabis
° A ban on cartoon characters
or other visual devices that
appeal to minors or are similar
to those used in products
intended for purchase by
minors
° A ban on unsubstantiated
claims about the product
° C hild-resistant containers,
which are key to prevent
accidental ingestion

A number of important questions merit further research and
discussion:
 hat is the optimal color scheme
W
for the UCPS?
⦁ I s the estimation of 60% loss
of product during cannabis
inhalation accurate and
suppor ted by the best available
evidence?
⦁ I s it technologically possible to
quantif y a ser ving size for inhaled
extracts?
⦁ W hile the number of product
forms will likely increase in the
⦁
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F I G U R E 13

CANNABIS INFORMATION
Product form: Suppository
Product weight: 40g
SCAN
FOR
Dose:
MORE
One suppository (2g)* INFO

Total doses: 20

*Dose based on 10mg of the active form
of THC.

CANNABINOIDS IN ONE DOSE
Total THC
THC (active form)
THCA
Total CBD
CBDA

12.3mg
10.0mg
1.7mg
0.65mg
0.21mg

Other cannabinoids: CBN 0.4mg
Terpenes & flavonoids:
Limonene 0.2mg

INACTIVE INGREDIENTS: Cocoa
butter, polyethylene glycol.

WARNINGS: Keep out of reach of
children and pets. This product may
be addictive. Intoxicating effects may
be delayed by more than 2 hours and
can last up to 8 hours. Do not drive or
operate machinery while intoxicated.
This product may pose significant
health risks to pregnant or breastfeeding women, minors, and people with
psychiatric disorders.

F I G U R E 14

Sample UCIL for transdermal
patches.

CANNABIS INFORMATION
SCAN
Product form:
FOR
Transdermal patch MORE
INFO
Dose: One patch*

Doses per container: 10

*Dose based on 10mg of THC.

CANNABINOIDS IN ONE DOSE
THC
CBD

10.0mg
8.9mg

Other cannabinoids: CBN 0.02mg
Terpenes & flavonoids:
Limonene 0.21mg

WARNINGS: Keep out of reach of
children and pets. This product may
be addictive. For external use only.
Intoxicating effects may be delayed by
more than 2 hours and can last up to 8
hours. Do not drive or operate machinery while intoxicated. This product may pose significant health risks
to pregnant or breastfeeding women,
minors, and people with psychiatric
disorders.
Lot SFTDN-287002 Exp 04/18/23

Lot SFTDN-287002 Exp 04/18/23

future as the industr y evolves,
are there other product forms
that should be included now?
⦁ A re there other warnings or
categories of information that
should be included in the UCIL?

Cannabis stakeholders are
encouraged to contact the author
for permission to use the UCPS and
UCIL. The author looks forward to
working with state regulators, trade
organizations, cannabis companies,
and researchers who wish to adopt or
adapt these proposed standards for
their particular needs.
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Sample UCIL for suppositories.
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America’s Heartland Tackles
Hemp Cultivation with Education
By Megan L'Heureux

T

he Midwest region of the US is known for its farmland, so
it should come as no surprise that there has been keen interest in that area to grow hemp. Considered by many to
be a new crop, the hemp industry comes with its own set
of challenges and requirements that farmers are eager to learn.
Purdue University saw this need in their community and set up
The Purdue Hemp Extension Program led by Marguerite Bolt,
a Hemp Extension Specialist in the Department of Agronomy.
Bolt recently spoke with us about the program, hemp cultivation, community education efforts, and more.

Q:
A:

Can you tell us the Purdue Extension program and
how it got involved with hemp? What does your
role as the first hemp production specialist entail?
Marguerite Bolt: The Purdue Hemp Extension

Program was created to connect growers to university
researchers and resources and to help connect growers with
other members of the hemp industry in Indiana. Purdue saw a
need to have a program that put out fact-based information and
focused solely on hemp, that is where I step in. I got into hemp
through my Master’s research looking at hemp-insect
interactions and plant chemistry. Being the hemp specialist
entails lots of in person and online events to help educate
growers, processors, and the general public on the hemp industry
in Indiana. I work closely with faculty on the Purdue campus and
at other universities to provide growers with up to date research.

Q:

What are some of the biggest challenges with
hemp cultivation?

Finding reputable seed providers and buyers. The
industry is changing so quickly that people and
companies seem to come and go quickly, which can cause
uncertainty for growers. There is also a steep learning curve
introducing a crop that was banned for decades.

A:

Q:
A:

What educational efforts have you been involved with
in your community? Can you tell us about the webinar
you presented titled “Industrial Hemp 101” (1)?

I have given more than 50 talks since I started last
year, mostly in person, to help educate the Indiana
community and communities outside of the state. In person
programing has been really useful for hemp growers and the
cannabissciencetech.com
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non-grower community to get to know each other and
network. The Industrial Hemp 101 webinar was one of several
webinars put on by extension educators that put together
online content due to the pandemic. It was geared at new and
prospective growers and people that are just curious about
what hemp is and can mean for agriculture.

Q:

What are the biggest misconceptions you have to
address when educating the public about hemp crops?

Hemp is easy to grow is a big misconception I cover
almost every time I give a talk. As with any crop, there
is always something that can go wrong. With hemp, there are
added wrenches that can get thrown into production. Hemp can
be a finicky crop and even when everything goes right, there are
additional challenges in harvesting, storing, and selling the crop.
A lot of the struggles and challenges can be solved with more
experience and a better understanding of the plant.
Another big misconception is that hemp is one thing and
only grown for one reason. A lot of the public still sees hemp
as just for rope or just for that CBD “stuff.” Hemp has so
many applications and production differs depending on what
end product you are growing for; people new to the industry
don’t always understand that, but they learn quickly!

A:

Q:
A:

From your experience in Indiana, what type of
products are most hemp farmers interested in (fiber,
cannabinoids, or other)?

Cannabinoid hemp production makes up the most
hemp acreage in Indiana, and lots of people are interested in
CBD, minor cannabinoids, and essential oils. There is an
increasing interest in fiber production because it fits in with
row crop models better than the current cannabinoid
production models do. Both fiber and grain were the primary
interest of Purdue and the Midwest Hemp Council when we
first started researching hemp back in 2014.

Q:

What methods do you usually recommend for pests,
weeds, and pesticide use?

I always recommend proper identification of insects,
weeds, and pathogens before any method of control is
implemented. That being said, once we pinpoint a problem, we
try to get growers to use integrated pest management strategies

A:
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because we have a limited list of
pesticides and we want to hit pests
from multiple angles for long term
control. I try to encourage growers to
work with county extension offices
rather than consult internet forums.

Q:
A:

Are there concerns among
farmers about post-harvest
testing or ensuring that crops
meet the legal limit for THC?

I think there are concerns among farmers
about THC thresholds during all parts of
the growing season. We do have compliancy testing results from last year and
third-party results for specific varieties,

so we recommend growers opt to grow
those that don’t tend to be non-compliant. Myself and collaborators at the
University of Wisconsin, the University of
Illinois, and Michigan State University are
working with Rock River Labs to provide
a Midwest focused cannabinoid database
to help growers get a better idea of hemp
performance across a region. As genetics
become more stable, I hope this concern
lessens and we see compliant varieties
readily accessible.

Q:

What are your next steps or
plans in hemp research and
education?

Right now, I am trying to get
more permanent pictorial guides
for in field identification of
problems. Myself and a lot of other
extension educators and faculty across
the Midwest are trying to pool efforts
and provide sound resources for
growers, especially on the pest management side of production. This means a
lot of photos and field observations,
which is really fun and a great way to
spend time during the summer.

A:

Reference
(1) https://extension.purdue.edu/
vermillion/article/36495.

product spotlight
MANUFACTURING & PROCESSING

EXTRACTION

Terpenes, Flavors, and
Effects Blends
EXTRACT CONSULTANTS IS the premier provider of
terpenes, flavors, and effects blends specifically designed
to work with THC, CBD, and hemp products, including
beverages, tinctures, topicals, and pet products. We help
our partners build
successful products
that deliver repeatable
and consistent
results. We source
our ingredients from only the highest quality suppliers,
demanding compliance to the strictest safety standards
available. Our team of internationally renowned chemists
and formulators, along with our advanced processing
equipment and in-house lab testing, confirm purity and
consistency to ensure that our products deliver every time.
We offer custom blending, formulaic development, and the
most comprehensive regulatory assistance.

EXTRACT CONSULTANTS
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OIL CARRYING SUBSTRATES
Specialized silica and starch
function as oil carrying
substrates to encapsulate
(hemp or CBD/THC rich) oils
while maintaining good powder flowability.
GRANULAR POWDER AND OIL ABSORPTION
Oil to absorption into granular powder allowing the
powder to maintain flowability is useful in several
applications such as tableting and instantizing.
48 years of pharmaceutical, nutritional, and
food grade equipment experience, that meets
cGMP and FDA standards.
FREUND-VECTOR CORPORATION

(888) 541-9089
sales@extractconsultants.com
www.extractconsultants.com
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DOSAGE CONTROL AND BLEND UNIFORMITY
The GMX-Lab Micro achieves excellent
blend uniformity which aids in precise
dosage control.

Marion, Iowa
Sales@freund-vector.com
www.freund-vector.com
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Does Syringe Filtration Impact Recovery
of Cannabinoids Prior to Potency Testing?
DWAIN IRVAN* AND KL AUS SCHÖNE †,*PURE L ABS, LLC AND † SARTORIUS L AB INSTRUMENTS GMBH & CO.KG

ABSTRACT
To ensure consumer safety, cannabis and cannabis-derived products are extensively
tested. In particular, potency testing to identify and quantify tetrahydrocannabinol
(THC) and other cannabinoids, such as cannabidiol (CBD), is mandatory. To protect
analytical instrumentation during testing by HPLC, particulate components must
be removed from the sample after extraction, for example using syringe filters. The
objective of this study was to determine if using syringe filters (Sartorius Minisart® RC,
SRP, NY and NY Plus, all 0.2 μm) either released interfering compounds or retained
cannabinoids during sample preparation for HPLC testing. We used a blank matrix
specimen of homogenized nettle leaf (Urtica dioica) for calibrator and control and
analyzed without cannabinoid for leachables. In addition, a true cannabis specimen
was filtered using each of the four different filter types and analyzed for recovery of
cannabinoids by HPLC. The results indicate that the various syringe filter types did not
have a significant impact on quantification of cannabinoids.

INTRODUCTION

Cannabis extracts from cannabis flowers
or in cannabis-infused products tend
to have heavy particulates. Therefore,
an essential element of sample preparation prior to analysis with HPLC is the
removal of particles. These particulates
that become deposited in the system
can lead to wear of the pumps and valves
or to unwanted fluctuations in pressure
and, ultimately, to a reduction in quality
of the results due to increased blocking of the columns and frits. Improper
sample preparation results in increased
downtime and maintenance efforts, and
reduced cost-effectiveness.
Particulates can be removed from
samples by centrifugation, filtration, or
a combination of both. Filtration, usually
by syringe filtration, offers the security
of a complete removal of particles, even
suspended matter, which cannot be separated satisfactorily by centrifugation
due to the small difference in density
compared to water.
However, with filtration, the test results
can be affected by the contact between
cannabissciencetech.com
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the sample and the membrane material.
In particular, test results can be affected
by adsorption of analytes at the membrane and leaching of interfering compounds from the filter membrane. Therefore, researchers must evaluate for such
occurrences during sample preparation.
We tested four different 0.2 μm Sartorius Minisart ®️ filters, differentiated by
their membrane material (regenerated
cellulose, PTFE, nylon, and nylon with a
quartz prefilter) to test for the presence
of leachables and retention of cannabinoid analytes.

MATERIALS AND METHODS

Individual cannabinoid reference standards, as well as the internal standard
(ISTD) phencyclidine (PCP), were
purchased from Cerilliant as single substances. Four different Sartorius Minisart ® filter types were tested: Minisart ® X
Plus 25, 0.2 μm (1784B), Lot: 70007106,
Minisart ® NY, 0.2 μm (17845) Lot:
81932103, Minisart ® RC, 0.2 μm (17764),
Lot: 90129103 and Minisart ® SRP, 0.2 μm
(17575) Lot: 90172103.

HPLC measurements were done with
a Shimadzu Nexera-i LC2040L 3D Plus
analyzer, fitted with a Restek Rapture
ARC-18 (931421E) 100 mm x 3.0 mm ID
x 1.80 μm column and coupled with a
Restek UltraShield pre-column filter,
0.2 μm frit (25809) under temperature
control at 30 °C. The HPLC was operated in isocratic mode with 25% aqueous
(water, 5 mM ammonium formate, 0.1%
formic acid) and 75% organic (acetonitrile, 0.1% formic acid) phase at a
flow rate of 1 mL/min. A sample volume
of 1 μL was injected and with photodiode array detection at 190–400 nm
wavelength.
A stock solution in methanol containing 17 cannabinoids and the ISTD
at a concentration of 100 μg/mL was
prepared. This stock solution was serially diluted and used as a calibrator.
Additionally, a second stock solution
in methanol containing the same
17 cannabinoids was prepared and
diluted for use as a positive control.
A four-constituent control prepared
from an alternate reference standard
source was included as a high control.
To prepare a matrix solution, 20 mg
of ground Stinging Nettle leaf (Urtica
dioica) was taken and vortexed 20 mL
with methanol. Afterwards, the suspension was sonicated and vortexed,
then centrifuged, filtered, and stored
for preparation of calibrators, controls,
and blanks.
Cannabis samples were prepared in
the following way: 1–2 g of cannabis was
placed in a 50 mL centrifuge tube, a
grinding ball added, and the tube frozen
for 1 h. This centrifuge tube was then
placed on a Geno Grinder for 1 min at
1600 rpms. 0.2 g ground cannabis was
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removed and placed in separate 50 mL
centrifuge tube with 20 mL methanol.
Extraction was accomplished performed by cycling three times between
vortexing for 1 min and sonication for
5 min and repeating this extraction
cycle three times. A 1 mL aliquot was
removed and filtered, then ultra-centrifuged for 5 min at 14000 rpms.
After filtering, 100 μL of undiluted and
prepared diluted sample was added to a
150 μL autosampler vial, internal standard added, and analyzed on the HPLC.
A calibration curve, blanks, and
controls were prepared to determine
acceptance and tolerance limits. The
cannabis specimens were evaluated
against the linear dynamic range of the
calibration curve, and reported in μg/mL.
A total of 110 samples were analyzed.
All combinations were analyzed quantitatively with 10-fold repetition ( TABLE 1).
To check the filters for purity, blanks,
positive controls, and filtrates of the
blank solution using different syringe
attachment filter types were analyzed. To calculate the recovery rate in
percent of cannabinoids after filtration,
unfiltered samples and their filtrates
for the four different syringe filters were
also analyzed. The standard deviation
was used to distinguish significant
differences.

TABLE I: Concept of experiments and overview of combinations conducted and their replicates to
determine the presence of interfering leachables and cannabinoid recovery of four different syringe
filter types. Recovery rate of cannabinoids is calculated by the ratio of ‘Samples FILTERED’ and ‘Samples
UNFILTERED’. Pureness is calculated by difference of ‘Blank FILTERED’ and ‘Blank UNFILTERED’.
NUMBER OF
REPLICATES

Positive
Control

Blank
UNFILTERED

Blank
FILTERED

Minisart RC

Sample
UNFILTERED

Sample
FILTERED

10

Minisart SRP

10

10
10

Minisart NY

10

10

10

Minisart NY Plus

10

10

10

10

FIGURE 1 : Cannabinoids used for determination of recovery.
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FIGURE 2 : Cannabis samples were quantitatively analyzed using a set of 17 different cannabinoids.
Only six analytes (CBDV-A, CBG-A, CBG, THCV-A, DELTA 9 THC, THCA-A) showed values above the
LOQ for replicates and have been considered for calculation of cannabinoid recovery rates.
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In this study, we examined four different
syringe filter types to determine if they
released interfering compounds into a
blank sample. FIGURE 2 shows that no
interfering compounds were detected
in the blank sample, as compared to our
positive controls (blank samples spiked
with cannabinoids). While most analytes
were spiked with a concentration 10 μg/
mL, CBDA and CBD were spiked with
50 μg/mL and Δ 9-THC and Δ 8-THC were
spiked with 75 μm/mL. All positive controls were within the expected range.
Additionally, we examined the recovery rate for cannabinoids using these
syringe filters to determine if these
analytes were retained within the filter
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FIGURE 3: No interfering compounds were detected using any of the four syringe filters to remove particulates. We prepared a samples, including blank
(Blank FILTERED) samples, using four types of syringe filters: Minisart RC, Minisart SRP, Minisart NY, and Minisart NY Plus with a pore size of 0.2 μm.
The samples were run over an HPLC column to determine if they released compounds that interfere with our quantification of 17 exemplary cannabinoids.

CBCCA
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THCA-A
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LT
LT
TA
A 8 THC
CBL
CBC

CBD
THCV
THCVVA
VCBN
CBN- A

CBG- A
CBG
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FIGURE 4: No significant reduction in analytes during filtration and no significant differences between syringe filter types. We examined
the recovery rate of six different cannabinoids after filtration for four syringe filter types: Minisart RC, Minisart SRP, Minisart NY, and Minisart
NY Plus with a pore size of 0.2 µm.
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matrix. We defined the recovery rate as the ratio of filtered analytes to unfiltered analytes and expressed the ratio in percent. To
calculate the recovery rate, we considered only quantifiable analytes. FIGURE 3 shows recovery rates ranging between 86.2% and
126.5% for all the syringe filters we tested. We found no significant
reduction in analytes and no significant differences in recovery
rate between filter types ( FIGURE 4).

T CV
TH
CVV- A

DELT
LT
LT
TA
A 9 TH
T C

(PTFE)—showed no significant impact on the quantification of
cannabinoids.
Finally, we conclude that all syringe filters tested support
an accurate quantification of cannabinoids by HPLC. This
outcome allows users to choose between different filter
membrane materials for sample preparation according to their
specific needs.

CONCLUSION

Published by

In this study, we tested four syringe filters types for their
suitability in cannabis analysis by HPLC. Syringe filters tested
should neither release interfering compounds nor retain
cannabinoids.
All investigated 0.2 μm syringe filters—Minisart RC (regenerated cellulose), Minisart NY (nylon), Minisart NY Plus
(nylon including quartz micro fiber prefilter), and Minisart SRP
cannabissciencetech.com
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For more information:
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Cannabinoid Sample Preparation
Increased Accuracy and Time Savings
for HPLC Analysis
H A M I LT O N C O M P A N Y

DEMAND FOR ACCURATE MEASUREMENTS
In today’s growing cannabis industry, customers and state regulations demand accurate measurements of active compounds in
cannabis products. The Microlab ® 600 Diluter/Dispenser makes
measurements more reliable, allows the method to use less consumables, and cuts down on preparation time.

“My biggest highlights of the
Microlab 600 are improved
throughput, reduced consumables,
and significantly reducing analyst
to analyst variability.”
— LUCAS MASON, AURUM L ABS

CANNABINOID METHOD SUMMARY

FASTER SAMPLE PREP AND LESS USER VARIATION
WITH THE MICROLAB 600 DILUTER/DISPENSER
●

●

●

●

Dramatic time savings (reduction in overall labor
and greater throughput)
Reduced consumable cost
Virtually eliminates analyst-to-analyst variability
Inert flow path

Pipettes can be problematic in any laboratory setting. Common problems include: significant variation between users, inconsistencies
with different solution types, and performance variation at different
elevations. These problems are eliminated with the Microlab 600.
The Microlab 600 positive displacement system allows for extremely
accurate dilution/dispense volumes on demand. The Microlab 600
can reduce %RSD by more than 50% compared to hand pipetting
methods. See FIGURE 1.

FIGURE 1: %RSD testing comparison between the ML600 and
traditional hand pipetting methods for CBD-A and THC-A.
ML600

Hand Pipette

7.00%
6.50%
6.00%
5.50%
5.00%
4.50%
4.00%
3.50%
3.00%
2.50%
2.00%
1.50%
1.00%
0.50%
0.00%

CBD-A

THC-A

Cannabinoid %RSD
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ORDERING INFORMATION
DESCRIPTION

PART NUMBER

Microlab 615 Basic Dual Syringe Diluter

ML615-DIL

Microlab 625 Advanced Dual Syringe Diluter

ML625-DIL

Microlab 610 Basic Single Syringe Dispenser

ML610-DIS

Microlab 620 Advanced Single Syringe Dispenser

ML620-DIS

Microlab 615 Basic Dual Syringe Dispenser

ML615-DIS

Microlab 625 Advanced Dual Syringe Dispenser

ML625-DIS

REDUCED USER-TO-USER VARIATION

INCREASE THROUGHPUT

The Microlab 600 Diluter/Dispenser automates method steps prone
to user variation.
In addition, methods can be saved as favorites for quick and easy
access. The instrument performs all the precision work using high
resolution syringe pumps, so it is not necessary to use a special
technique. Once programmed, the instrument can be handed
off to a new user with minimal training and the same results will
be obtained when compared to a more experienced user. The
instrument utilizes an encoder that ensures the positioning of the
syringe drive mechanism, reducing variations between users, equal
or greater than 99% accuracy.

Because the Microlab 600 Diluter/Dispenser does not require
additional glassware to prepare a sample or standard solutions, the
time it takes to prepare solutions and clean up afterwards is reduced
considerably. Making different dilution concentrations on the fly is as
easy as inputting a different solvent volume in the Quickstart or the
Dilution Wizard. These improvements to workflow create significant
time savings, freeing up your schedule for more important tasks.
©
2017 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. L10075 — 08/2017.

ELIMINATE EXPENSIVE CONSUMABLES
The Microlab 600 Diluter/Dispenser requires less solution to
attain the correct dilution concentration for a sample, which means
spending less on solvents and reagents. The instrument remains
accurate down to the microliter volume range so the user can get
the exact concentration needed at the exact volume desired.
Reduce consumables consumption by 50% or more when using
the Microlab 600.
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