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chairman
The Return to In-Person Events
in the Cannabis Space
AS MORE AND MORE individuals receive the COVID-19 vaccine and caseloads come down, people are beginning to gather again in-person. Offices are beginning to welcome back their
employees and conferences are starting to take place. The nascent cannabis industry is hungry to gather again in person and
share education and industry best practices.
In September the Cannabis Science Conference (CSC) East was
held in Baltimore, Maryland and attended by some of the brightest minds and experts in the cannabis sector. The CSC East conference center adhered to strict COVID-19 safety measures and
enforced indoor mask use, which gave our staff comfort while
they managed our booth, mingled on the exhibit floor, and attended various presentations.
This October MJBizCon will take place in Las Vegas, Nevada,
where thousands of attendees will be able to gather in-person
or online depending on their personal preferences. More and
more conferences are looking into offering various formats for
participants to attend. By offering a virtual format, users are
still able to engage in the conference and learn from the various presentations offered. At the Las Vegas Convention Center,
MJBizCon will be adhering to mask wearing inside and offering
hand sanitizing stations throughout the newly expanded exhibit
floor. The conference will also follow a high standard of cleaning
and sanitization measures. If you are attending MJBizCon in-person, please feel free to visit us at Booth# C8512!
Our latest issue of Cannabis Science and Technology offers readers the chance to dive into diverse articles such as our
peer-reviewed piece on bioassays for cannabidiol. The “Navigating the Labyrinth” column delves into the different types of spectroscopy and how it can be a tool to improve analyses. We also
have several columns discussing the latest developments in cultivation, from the value of monitoring environmental conditions to
better seed genetics and other new scientific discoveries. Other
articles discuss statistics for cannabis analysis and another presents the five most common cannabis tests and the benefits filter
plates can have in cannabis testing.
We hope that you enjoy our October 2021 Cannabis Science
and Technology issue and look forward to seeing you at the
upcoming shows!
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Statistics for Cannabis Analysis,
Part I: Standard Deviation and Its
Relationship to Accuracy and Precision
By Brian C. Smith

W

hether you are trying to decipher a certificate of analysis,
minimize analysis error, or
develop a representative sampling plan, statistics are an important
part of cannabis analysis. In this first of
a series of columns devoted to statistical concepts related to cannabis analysis, I will introduce the normal distribution, standard deviation, and how they
determine how precision and accuracy
are calculated.

A Statistical Warning
Statistics is a large and complex mathematical field, and I am neither a mathematician
nor a statistician. I am a PhD physical
chemist who has taken advanced undergraduate courses in statistics, have used
statistics frequently throughout a 40 year
career, and have discussed the applications of statistics to spectroscopy in my
book Quantitative Spectroscopy: Theory and
Practice (1), which I will be citing frequently
in this article. The warning is that since
statistics is not my full time job, my writing
on the subject may be overly simplified for
some or not detailed enough for others.
If you want to learn more about statistics,
I recommend the books Probability and
Statistics for Scientists and Engineers (2) and
Statistics in Spectroscopy (3).

The Gaussian
or Normal Distribution
and Standard Deviation
When I first took freshman physics, me
and my two lab partners entered the laboratory and were presented with a meter

8

stick and told to measure the length of
a table 10 times each. I thought this was
absurd. I measured the table once, it
was clearly 2 meters long, so why did we
need to measure the table 29 more times?
Surely all the other measurements would
be the same as what I obtained. I at least
thought that was true until we compiled
all the measurements. Not only were the
measurements not all the same, but there
was a significant scatter to them. Most
were at 2 meters ± 1 cm, but some were
as high 2.2 and as low as 1.8 meters. And
when we plotted the number of measurements at a given length versus length, to
my surprise we obtained the distribution
seen in Figure 1. This is what some of us
know as a “bell shaped curve,” but what
mathematicians call a “Gaussian” or
“Normal” distribution (4).
“Gaussian” is named after Carl Friedrich Gauss, a 19th century German
mathematician and scientist who contributed much to our understanding
of statistics and to other fields such as
magnetism (5). I was shocked not only
that our measurements were a distribution, but that the shape of the curve was
well known, characterized by known
mathematics, and widely used in physics and other sciences. It turns out that
being human beings we each made mistakes in measuring the length of the table, and that the size of the errors we
made were randomly distributed resulting in a Gaussian distribution. In general, a set of measurements containing random error will follow a Gaussian
distribution, such as a set of potency

cannabis science and technology ®  |   vol. 4 no. 8

measurements on the same marijuana
sample. Given how goofy and random
my lab mates and I were at the age of
19, I am surprised the size of our errors
weren’t bigger than what we measured!
The top of a Gaussian distribution, in
our case the table length measured most
often, is the average for the data plotted.
The average of the 30 measurements was
2 meters. I think we all may know how to
calculate an average, but the formula is
given in equation 1 just to be clear.
[1]
where µ is the average; n is the total
number of measurements in a dataset;
Xi is the ith value in a data set; i is 1…n;
and ∑i is the mathematical notation to
add sum the members of a dataset from
the first to nth members.
In other words, to calculate an average take a set of data with n numbers
in it, add them together, and then divide by n.
The Gaussian distribution also contains what are called inflection points.
The inflection points of a graph are
where the concavity changes sign as illustrated in Figure 2.
Figure 2 uses an infrared (IR) absorbance band for illustration, but the idea
of inflection points also carries over
to other spectroscopic peaks, peaks in
chromatograms, and so on. Concavity
measures the curvature of a function,
be it up or down. Imagine pouring water on the peak in Figure 2. The spots
where water pools are concave up, the
cannabissciencetech.com
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spots from where it drains are concave
down, and the transition spots are the
inflection points.
In the normal distribution seen in Figure 1 the half-width of the function at
the inflection points is called the standard deviation or σ, and at this point the
function is 2σ wide (6). The standard deviation is calculated via equation 2.

/
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Figure 1: A Gaussian or normal distribution with average µ and standard deviation σ.

[2]
where σ is the standard deviation; µ is
the average; n is the number of measurements; i is 1…n; and Xi is the ith value.
The numerator in equation 2 contains the difference between any given
measurement in a dataset X i and the average of that dataset µ, which we will
call a difference. Each difference is then
squared, and they are all added together. The differences are squared so that
they are all positive, and the squared
difference gives the absolute distance
between a data point and the average.
Summing unsquared differences would
defeat the purpose here because when
summed the positive and negative differences would cancel each other. We
then divide by n-1 and take the square
root obtaining the result, the standard
deviation, which is essentially the average absolute difference for the dataset.
Here is an example calculation of a
standard deviation using real world analytical chemistry data. Figure 3 is a
series of five mid-IR spectra of isopropyl (“rubbing”) alcohol dissolved in water. Thanks to Beer’s Law the peak size
and area at 2973 cm-1 in these spectra
vary with concentration (1,7). The volume percent isopropyl alcohol (IPA)
and peak area data are seen in Table I.
By the way, I have too often heard in
the cannabis analysis world that mid-IR
spectroscopy is not quantitative. This is
of course news to me since I have written a book on the subject (1). Many high
pressure liquid chromatography (HPLC)
cannabinoid detection methods use
cannabissciencetech.com

Figure 2: An infrared absorbance peak showing inflection points.

ultraviolet-visible (UV-vis) detection
(8–10), which makes use of Beer’s Law.
There are no theoretical or practical reasons why Beer’s Law won’t work at other
wavelengths including the mid-IR, so it
is absurd to say that Beer’s Law doesn’t
work in a specific wavelength region. To
put this issue to rest, a plot of the IPA%
and peak area data from Table I is seen
in Figure 4.
There is clearly an excellent linear relationship between volume percent and
peak area in Figure 4 as expected from
Beer’s Law, and the correlation coefficient (1), a measure of model quality we
will discuss in a future column, is 0.999
where 1 is a perfect model. These data

Table I: Volume % and peak area for
isopropyl alcohol peaks seen in Figure 3

% IPA

Area

9

1

18

2.2

35

4.9

53

8

70

11

are proof that mid-IR spectroscopy is
quantitative. So please no more blanket
statements about infrared spectroscopy not being quantitative as it will make
me pull my hair out, and believe me I
don’t have that many hairs left!

october 2021  |   cannabis science and technology ®
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Figure 3: Five isopropyl (“rubbing”) alcohol mid-IR peaks at 2973 cm-1, with concentrations
varying from 9% to 70% by volume in water.

is 4.12. What this calculation tells us is
that on average each data point is 4.12
peak area units away from the average.

The Role of Standard
Deviation in Measuring
Precision and Accuracy

Figure 4: A plot of peak area versus volume % isopropyl alcohol dissolved in water. Note
the tight fit of the data to the straight line, as seen in the correlation coefficient, R2, of
0.999. This is proof that mid-IR spectroscopy is quantitative.

Peak Area Calibration for IPA
y = 0.165x - 0.6834 R = 0.999

Peak Area

12
10
8
6
4
2
0
0

20

To calculate the standard deviation of a
data set we first have to calculate its average. For the peak area data in Table 1 the
average is 5.42. Table II shows the peak areas, Xi, in the left hand column, the differences between each data point and the average, (Xi - µ), in the middle column, and
the squared differences, (Xi - µ)2 , in the

10

40
% IPA

60

80

right hand column, note the squared differences are all positive. The sum of the
squared differences, ∑i = (Xi – µ)2, the numerator in equation 2, is in the bottom row
and is 67.97.
To complete the standard deviation
calculation we take 67.97, divide it by n-1
= 4, and take the square root. The answer

cannabis science and technology ®  |   vol. 4 no. 8

So, what does all this standard deviation
stuff have to do with cannabis analysis? Recall from an earlier column the
definitions of precision and accuracy
(11). Briefly, precision measures how
reproducible a set of measurements is,
while accuracy is a measure of how far
off you are from the true value. Table
III shows a set of hypothetical weight
percent (Wt.%) total tetrahydrocannabinol (THC) values measured on the same
dried, ground marijuana sample.
Since these data are repeat measurements on the same sample, we can use
this dataset to calculate the precision of
the method used to make these measurements. The standard deviation of a
set of repeated measurements is a common measure of precision. Recall that
we must calculate the average of a dataset before calculating the standard deviation. Using equation 1, the average for the
data in Table III is 24.4 Wt.% total THC,
as indicated in the table. Using equation
2, we find that the standard deviation of
these five measurements is 1.4 Wt. % total THC. Note that the standard deviation is reported in the units of the data
set, be it Wt.% total THC, wt.% beta-caryophyllene, or parts per million of lead. So,
what does the standard deviation mean
in the context of the data in Table III? We
would say that the precision of the method used to generate the data in Table III is
±1.4 Wt.% total THC, that is, the precision
of the data is ±1.4 Wt.%.
What about standard deviation and accuracy? Remember that to calculate accuracy we need to have reference samples
for which we know the correct answer.
In previous columns I have bemoaned
the lack of what the National Institutes
cannabissciencetech.com
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of Standards and Technology (NIST)
calls matrix reference materials or MRMs
(12,13). An MRM is a sample of the matrix being analyzed with a known amount
of the analytes of interest. In the cannabis industry examples of MRMs would be
dried ground plant samples, extracts, or
distillates with known cannabinoid concentrations. We are sorely lacking these
in cannabis analysis except for hemp. The
University of Kentucky has issued a series
of four dried, ground hemp samples that
have been analyzed by more than 60 laboratories across the United States (14). The
certificates of analysis (COAs) of these
samples contain the average of the analyses of these 60 laboratories for a number of cannabinoids including total THC,
total cannabidiol (CBD), cannabidiolic
acid (CBDA), and ∆-9 THC. The values in
these COAs can be used as the right answers in accuracy calculations.
I have analyzed these four hemp matrix reference materials using mid-IR
spectroscopy and published the results
in this esteemed journal (15). A comparison of the known and measured
total THC values for these samples is
seen in Table IV.
The left hand column in Table IV contains the sample names, the second column shows the weight percent total THC
as the average of the 60+ laboratories that
have analyzed these samples by chromatography. The third column shows the
total THC values as measured by midIR spectroscopy, and the fourth column
shows the difference between the two
methods for each sample. The standard
deviation of a dataset like the one seen in
column 4 of Figure 4 is a common measure of accuracy (1). The standard deviation here is 0.03 Wt.% total THC. The
“SEP” in Table IV stands for standard error of prediction, which is the standard
deviation between the known and predicted values for a set of validation samples. Given the data in Table IV we would
then report that the accuracy of mid-IR

12

Table II: Differences, squared differences, and the sum of differences for the
peak area data in Table I
Xi

(Xi - µ)

(Xi - µ)2

1

-4.42

19.54

2.2

-3.22

10.37

4.9

-0.52

0.27

8

2.58

6.66

11

5.58

31.13

Σi = (Xi – µ)2 =

67.97

Table III: A hypothetical set of total THC measurements for a single
marijuana sample
Measurement

Weight %
Total THC

1

23.4

2

25.1

3

22.9

4

26.4

5

24.2
Average =

24.4

Standard Deviation =

1.4

Table IV: Comparison of hemp total THC values as measured by HPLC and
mid-IR spectroscopy. All numbers in Wt.%.
Sample

HPLC
Total THC

Mid-IR
Total THC

Difference
-0.05

Sep-1

0.29

0.24

Sep-2

0.14

0.13

-0.01

Nov-1

0.3

0.22

-0.08

Nov-2

0.07

0.01

-0.06

SEP =

0.03

spectroscopy for determining total THC
in dried, ground hemp is ±0.03 Wt.% reported as a standard error of prediction.
When reporting accuracies sometimes the values can be reported as multiple of the standard deviation. For example, here we reported the accuracy as
±1σ; sometimes the accuracy is reported
as ±2σ, or other multiples of σ. Thus, it is
important to report what multiple of the
standard deviation is being used in your
accuracy measurement. To be complete
then for Table IV, it is correct to say that
“the accuracy for the determination

cannabis science and technology ®  |   vol. 4 no. 8

of total THC in dried, ground hemp by
mid-IR spectroscopy is 0.03 Wt.% as reported as a standard error of prediction
at ±1 σ.” Why different multiples of the
standard deviation are used to calculate
accuracy gets into confidence limits, a
topic for a future column.

Conclusions
The normal or Gaussian distribution is
a result of the random error in a set of
measurements. The top of this distribution is the average, and its width is
characterized by the standard deviation.
cannabissciencetech.com
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Cultivation Breakthroughs
for a More Uniform Plant Are Coming
By David Hodes

Better seed genetics, power-free tunable lighting, and other new scientific discoveries are making headway
in what has become an ag-tech leading industry.

T

here is so much going on in the
world of cannabis cultivation
today, much of it propelling a
deeper look into how to control the plant throughout its grow cycle, and work with genetics to reliably produce the same plant with the
same effects grow after grow. Methods
of achieving standardization and uniformity are driving new discoveries.
This “Tech Innovations” column
will examine new ideas in cultivation
including managing mold and mildew
issues through genetics; keeping the
grow facility safe from pathogens; new
lighting ideas that do not use electricity; and a better understanding of editing the gene of the cannabis seed.
Generally, cannabis plants are grown
from clones—from cuttings of female
plants—which will produce a uniform
product. But there are problems with
that. “Some of the really negative things
about growing from clones is the transmission of pests and pathogens,” Nathaniel Pennington said.
Pennington is the founder and CEO
of Humboldt Seed Company. He is a former legacy cannabis producer, now a
scientist and breeder. “That transmission is probably the worst thing about
clone propagation. You can get away
without using pesticides and cultivate
really nice cannabis if you start clean
with seed.”
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Seed is basically nature’s tissue culture, he explained, and that is the
cleanest and most sterile way to share
living plant tissue. “The seed itself is
this new life that doesn’t carry with it,
99% of the time, a virus or some other pathogen that might come from a
mother plant where you get clones,”
Pennington said.
Humboldt Seed Company has developed a way of getting feminized cannabis seed, working with a University of
California-Davis genomics and breeding consultant team to develop a proprietary method of breeding feminized
seeds (1). The company is doing full sequencing on a number of different cannabis varieties. “And right now, we are
doing marker assisted breeding with
auto flowers,” Pennington said. “It’s
helpful to be able to quickly determine
whether a plant inherited a certain trait
or not before having to grow it full term
to flower. So marker assisted breeding,
genome annotation are all the important pieces to our puzzle right now.”
Humboldt and other seed companies
are getting an assist with more discoveries on the horizon, such as the results coming from ongoing projects at
the Agricultural Genomics Foundation
(2), working in collaboration with the
Cannabis Genomic Research Initiative
(CGRI) to map the cannabis genome
and the genetic details of the plant.

cannabis science and technology ®  |   vol. 4 no. 8

One of the CGRI projects (3) is an
ultra-high density genetic map of cannabis. “The full genome sequencing is
becoming more and more accessible to
even companies like ours that are not
highly capitalized,” said Pennington.

Editing the
Cannabis Seed Gene
What is reportedly (4) the first time a
commercial company has performed
genome editing on a cannabis plant was
announced by Israeli startup CanBreed,
working in a 12,000 square foot facility
for seeds testing, and a 45,000 square foot
farm for trialing and seed production (5).
The seed gene editing was done using
CRISPR-Cas9 gene editing technology
(6), designed to make the plant resistant
to mildew. CRISPR/Cas9 edits genes by
precisely cutting DNA and then letting
natural DNA repair processes take over.
The company aims to create and then
sell cannabis seeds (called the F1 hybrid
[7]) that have a powdery mildew resistance trait, and hopefully use the same
technology to edit additional genes to
enhance other traits in the plant.
Ido Margalit is an agronomist, the
former CEO of medical devices startup Syngenta, and the co-founder of
CanBreed. “What you have in the cannabis industry is a lack of standardization and uniformity,” he said. “The
cannabis plant is grown from a clone.
cannabissciencetech.com
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The genetics have not been stabilized.
If you do not stabilize the genetics of
a plant, you cannot reproduce it from
seed. Because that means that each
and every seed from a plant is genetically different. In order to get a stable
plant, a stable uniform seed, there is a
process that takes 3 to 4 years. And nobody has applied that knowhow, that is
very common in the seed industry, to
the cannabis seed,” he said.
Tomatoes and other crops have developed resistance to the same sort of
mildew that is affecting cannabis, he
said. “What we have done is we looked
at the genes that these mildew resistance plants have and asked if cannabis
has the same gene. The answer is yes.
Cannabis is just another agriculture
crop. No different from most of the
other crops. A plant is a plant.”

Helping the
Hemp Industry
CanBreed also has a subsidiary US company that operates a 140,000 square foot
hemp seeds production farm.
Their gene editing work in cannabis includes the hemp seed in a process
to help hemp farmers keep a legal level of tetrahydrocannabinol (THC) in
their hemp plants. THC levels can become “hot” as a result of bad genetics,
according to one study (8). “We have
identified and edited out the gene that
controls the amount of THC,” Margalit
said. “And we are going to bring that
to the US by the end of 2022. It’s the
first stable uniform hemp seed that has
zero genetic ability to express THC.”
Margalit also makes a distinction
between the gene seed editing he does
and genetically modified organisms
(GMO). Although GMOs are in a lot
of the foods humans eat, most of the
GMO crops grown in the United States
are used for animal food. But there are
other uses. For example, genetic engineering, which is the process used to
cannabissciencetech.com
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“What we have done is we
looked at the genes that
these mildew resistance
plants have and asked if
cannabis has the same gene.
The answer is yes.”
– IDO M ARGALI T

create GMOs, was first used to make
human insulin, a medicine used to
treat diabetes (9).
“GMO is the expression of a foreign
gene,” Margalit said. “We do not introduce any foreign material into the
plant in seed gene editing. We alter a
certain gene that is in the plant. We
know that if you take out that gene,
the gene stops to function as it should.
Once you alter the function, you get
the resistance (to mildew).”
Can gene editing catch on as a means
of getting an identical cannabis plant
every time? Pennington has his take on
that: “It takes so much to alter the specific cultivar or strain to inherit, time
after time after time, this powdery mildew resistance,” he said. “The market
is so fickle right now that I’m not sure
that something being resistant to powdery mildew is the number one selling
point for cannabis.”
David Kessler, the chief science officer at Agrify, a cannabis grow solution provider, said that there are “dozens and dozens of people trying to do
this”—stabilize the seed gene—because it’s “a very big deal.”
“When I go to Home Depot and I buy
a pack of tomato seeds, 99 out of 100 of
those tomatoes are going to grow the
same size at the same rate, and produce
a pretty homogenized tomato. It’s going
to be what we call stabilized. Where we

are with cannabis is the seed is all over
the place. It’s representative of a very
diverse genome. So if I grow 10 seeds,
I’m very likely to have 10 different phenotypic and chemotypic expressions,
even though technically they came from
the same mother.”

More Tools
More tools and devices are being
brought to bear in the indoor cannabis
grow operations as other sources of
new technology are being investigated.
One such device is the Blue Zone, from
Agrify. It’s a military style device to reduce odors and kill mold and bacteria.
Blue Zone works by circulating air
through a reaction chamber designed
to destroy pathogens. Chemical compounds that create odors are oxidized,
while mildew spores and botrytis (a
common outdoor fungus) are drawn
through a self-contained ultraviolet
light which kills them instantly (10).
“The technology itself was developed
in early 2000s for the US military, and
it is currently installed on all US aircraft carriers,” Kessler said. “What’s
interesting, though, is the original application wasn’t for human biosecurity or safety. It was because the product was able to destroy ethylene, which
is a gas created through the maturation and ripening of produce. So using
this, they were able to extend the shelf
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“Kessler said that, first and
foremost, companies working
on the leading technology
for the industry have to
appreciate that cannabis is
100 years behind every other
modern agronomic crop.”
life of fruits and vegetables for soldiers
quite a bit.”
Cultivators are looking more closely at
the biosecurity of their cultivation, Kessler said. “Cannabis is one of the highest
value agricultural commodity crops on a
per weight basis,” he said. “So of course,
you want to do everything in your power to prevent problems or address them
if you have them.”
Each individual Blue Zone is plug and
play, he said, meaning that a cultivator
operator can literally put it on a table,
plug it in, switch it on, and it will control
15,000 cubic feet of airspace for pathogens. “It’s also going to make the air
cleaner and healthier for your employees. And I think that that’s not to be undervalued,” Kessler said. “I think that if
you can take care of your team, they’ll
take good care of your facility, and then
everyone’s winning together.”

Nanotechnology
and Cannabis
Another new technology being brought
to bear in cannabis cultivation is the
quantum dot, which is a nanometer-sized semiconductor particle.
Quantum dots are widely used for their
unique optical properties, as they emit
light of specific wavelengths if energy is
applied to them.
These wavelengths of light can be accurately tuned by changing various
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properties of the particle, including
shape, material composition, and size (11).
UbiQD, an advanced materials company, created their UbiGro product that
uses luminescent films containing their
quantum dot nanotechnology to essentially tweak sunlight without using electricity. Using UbiGro, sunlight can be
manipulated to enhance photosynthetic
efficiency and boost fruit and flower production. Quantum dots in UbiGro shift
a portion of ultra violet and blue light
towards the red because increased red
light improves chlorophyll absorption.
“We describe it as a layer of light that
helps plants get more from the sun,” said
Hunter McDaniel, founder and CEO of
UbiQD (12). “It’s based on the idea that
has really been maturing over the years
around the quality of light impacting crop
health and productivity, which is equally
important as the quantity of light. Growers have largely focused on quantity, especially in the cannabis industry.”
Outside of photosynthetically active
radiation (PAR) (13), photons are generally thought to be useless for photosynthesis, he explained. “That was the old
way of thinking. And then within power, 400 to 700 nanometers, light is actually PAR. But not all photons are kind of
equal for photosynthesis,” he said.
Dr. Keith McCree, a researcher at Texas
A&M, pioneered work on lighting in 1970
with the McCree curve (14), which has
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been used to provide a means of establishing the optimal wavelength selections
and spectral ratios for different crops. It’s
a plot of 22 grain, oilseed and vegetable
crops (including cantaloupe, clover, cotton, lettuce, tomato, squash, cucumber,
and soybean) where he examined photosynthetic efficiency versus color.
The aim of the measurements was
to “provide a factual basis for a standard definition of photosynthetically
active radiation.”
Red light is about 30%, or maybe even
50% more efficient than green light, and
about 20–30% more efficient than blue
light, just on a photon to photon comparison, McDaniel stated. “So if only you
could just give plants more red light, they
should be more productive,” he added.
In addition to changing the color,
UbiGro also gives more diffuse light
to the plant. “So by diffusing light, you
can get more light to the lower canopy,
more full plant light,” said McDaniel.
Plants have evolved to sense the season partially by color because the sun
sits lower in the sky as the season goes
on. “You get more red in the spectrum.
So this is well known in the cannabis
community that more red light can help
trigger flowering,” McDaniel said. “But
in the earlier stage of growth, if you give
plants more blue light, it triggers them
into thinking ‘Hey, it’s summertime. I
need to grow big and tall.’ Then with red
light it thinks ‘I should start to worry
about winter. Winter’s coming. I need to
start reproducing myself.’ The fruit and
the buds are all about the plant’s way of
surviving the winter,” McDaniel said.
With UbiGro, a grower effectively
tricks the plant into thinking that it’s
time to do whatever the grower wants
it to do. “We tend to focus more on the
productivity of the plant, which means
flower, fruit, buds, and that can be triggered by more red light.”
“Cannabis is a complicated crop
to grow well,” McDaniel said. “The
cannabissciencetech.com
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industry is a difficult one to approach
because there’s so much regulatory uncertainty and variation between the
states, and sort of a boom and bust cycle. It’s a very capital intensive plant,
labor intensive, energy intensive. So
the profitability isn’t as great as you
might expect. You see that it’s 1000
times more valuable per pound than
tomatoes, so it should be 1000 times
more lucrative right? Well, now it actually costs a lot more to produce it too.”
McDaniel thinks that cannabis can be
a beachhead market—a first market—
for new technology. He explained that
the cannabis industry is also very open to
technology. “I think it’s just kind of in their
DNA, to be trying new things and be a little bit more of like a maverick,” he said.
“Food and cannabis are meeting in
the greenhouse. The cannabis industry
is coming out of out of the dark, out of
the warehouse, and into the greenhouse.
The food industry is moving out of the
field into the greenhouse,” McDaniel
added. “And then they’re becoming kind
of collaborative in the greenhouse, so the
greenhouse industry is exploding right
now because you’ve got it coming from
both sides. We play into that.”

Conclusion
The ongoing problem with cannabis that
seed geneticists have to understand is
that it has been cultivated by humans
for thousands of years. It’s hard to decipher the origins of the plant and the true
genetics of the seed. “Fortunately there
are still wild populations of cannabis
that are self-replicating or self-seeding
every year,” said Pennington.
He went on a pilgrimage to Jamaica to find the varietals grown there,
such as strains like Lamb’s Bread (also
known as Lamb’s Breath with an original inbred line dating back to King Solomon [15]). “Unfortunately what we
found was that they were almost gone
from the whole island. We would go
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to these common places where cannabis is cultivated and ask if they had
any of those seeds for those old Jamaican strains. And they would say ‘I
don’t know about that. But OG Kush
seeds, we got them. We got Sour Diesel
seeds,’” said Pennington.
He said that he is looking for someone out there who would like to apply
to work on a grant proposal in California with Humboldt Seed Company to
start a nonprofit and help them start a
cryogenic cannabis seed storage facility. “What we are after is a way to predict—with say, 10,000 seeds—exactly what they’re going to look like, smell
like, and how big they’re going to get
when they flower,” Pennington said.
Kessler said that, first and foremost,
companies working on the leading technology for the industry have to appreciate that cannabis is 100 years behind
every other modern agronomic crop. “It
has not been legal, therefore universities didn’t work with it. The information
that was held by legacy cultivators was
really closely guarded and non-scientific. And at the same time, it comes from a
group of people where there is data collection evidence. And so therefore, there
was a lot of non-institutionalized knowledge,” he said. “It was spread out, it was
circumstantial, it was not following the
scientific process. Now, that does not devalue the information, it does not make
it wrong. It just makes it not sustainable
or substantiable.”
According to McDaniel, one lesson
he has learned about the industry is
how much variety there is. “It’s a big
industry. So you know, you’d expect
there to be some variety. But just walking into one greenhouse after another, there are so many different growing
techniques and structures and different kinds of materials, different types
of roofing. No two greenhouses are
the same. But it also means that we really have to be collaborative with the
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grower, get down there, get our hands
dirty, and be with them in the ground,
if you will, in the greenhouse. Then
spend a lot of time with them, which
is great.”
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extraction science

The Rise of In-line
Color Remediation
By Lo Friesen

The legal cannabis market has created a narrative around the color of cannabis extract. Historically, correction
to extract color has occurred in processes after extraction. However, extraction technology has evolved and
begun to incorporate color remediation methods in-line with extraction. In this article, we explore the evolution
and rise of color remediation.

P

lant pigments function as a
mechanism for photosynthesis.
Chlorophyll and other plant pigments are harnessed to absorb as
much light as possible. For some production facilities, the goal of cannabis extraction is to extract the cannabinoids, terpenoids, flavonoids, and other
desirable compounds. In other production facilities, the goal of extraction
is to concentrate and isolate cannabinoids. Plant pigments can co-extract in
the process and produce a dark extract
with an undesirable flavor. The legal
cannabis market has created a narrative
around the color of cannabis extract.
Historically, correcting the color of cannabis extract has occurred in processes after extraction. However, extraction
technology has evolved and begun to
incorporate color remediation methods
in-line with extraction.
Cannabis extract can have a wide
range of colors depending on the extraction method, extraction parameters, age of input material, and moisture
content of input. When ingesting cannabis extract, color is not as important
as inhaling extract. Whole plant extracts, also known as full extract cannabis oil (FECO), often is the most broad
spectrum extract on the market. Many
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medical patients find ingesting FECO
to be one of the most medically beneficial cannabis products for treating ailments. It is challenging to truly understand the reason behind its efficacy, but
anecdotal evidence points to the wide
array of compounds that are found in
FECO. While it is effective when ingested, FECO is a very dark extract due to
the extraction process and should not
be vaporized and inhaled as heat will
burn some of the compounds. This will
result in harmful combustion, a bad
taste, and lung irritation.
Supercritical CO2 extraction produces a beautiful extract with a range
of yellow, amber, or orange color. CO2
is an extremely versatile, efficient, and
selective extraction solvent and produces a full spectrum extract. CO2 can
be used as a liquid or supercritical fluid to extract cannabis oil, but supercritical fluid parameters are most efficient when extracting cannabinoids,
terpenoids, and other desirable cannabis compounds. At higher pressures,
CO2 will extract tetrahydrocannabinol (THC), tetrahydrocannabinolic
acid (THCA), and other cannabinoids
more efficiently. However, higher pressures can also extract a higher concentration of plant pigments resulting
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in a darker extract. CO2 extraction is
most commonly used for production
of inhalable extracts, like vape cartridges or concentrates, and full spectrum edibles. As mentioned, CO2 extracted cannabis oils can have a wide
range of colors from yellow to amber-orange. Most commonly, these
colors are a result of the input material genetics or grow-method. Sungrown cannabis plants harvested later and cured are more likely to produce
an orange or amber colored extract. As
the trichomes are exposed to sunlight
in the later stages of growth, they shift
from a clear resin to an amber color.
Most CO2 and ethanol extraction
is done using cured cannabis biomass. However, hydrocarbon extraction of freshly harvested and flash frozen plant material has quickly caught
the attention of consumers. The terpene and flavonoid profiles continue to change after harvest and during the cure process. Flash freezing the
freshly harvested plant and extracting the fresh plant has arrested the terpene and flavonoid profile, introducing
a completely different flavor profile to
the industry. In addition, the color of
the extract is much lighter due to the
plants reduced exposure to light.
cannabissciencetech.com
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As cannabis legalization has expanded throughout the country, the regulations around cannabis sales continue to
develop and change depending on the
market. In some states, consumers are
able to smell the product before purchasing it. In other states, packaging must
completely conceal the product. Color
has become one method for consumers
to understand the quality of the cannabis extract that they are looking to purchase. However, the lighter or clearer
concentrates often indicate that some
beneficial and integral compounds are
being left behind in the extraction process. Despite this understanding, extraction companies are introducing technology, like in-line color remediation, in
order to lighten the color of the extract.
The most common in-line color remediation techniques are columns of

filters where extract is passed through
during the extraction process. In the filter, the pigments are caught in the filter media as the rest of the extract solution passes through producing a much
lighter colored extract. Common filter media are activated carbon, magnesium silicate, and bentonite clay. After
the extraction column, the extract-solvent solution moves into the color remediation column (CRC) where the
pigments are filtered. Next, the filtered
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extract-solvent solution moves to the
separation or collection column for
its final stages. Multiple CO2 , ethanol,
and hydrocarbon extraction equipment
manufacturers offer modular CRC units
to be added in-line with installed extraction equipment. While these modular units are growing in popularity, the
question remains—are any toxins introduced to the extract as a result of these
CRC columns that could cause harm
when inhaled on a regular basis?
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navigating the lab

Examining Energy and Light:
Understanding Spectroscopy
and Spectrophotometry
By Patricia Atkins

Over the last few columns, we have examined the fundamentals of chromatography, liquid chromatography,
methods development, and liquid chromatography–mass spectrometry (LC–MS). In this column, we dive into
the field of optical spectroscopy and spectrophotometry and their use in the analytical laboratory. Many
laboratories routinely use spectrophotometry as stand-alone instrumentation or coupled with a liquid
chromatography system such as a diode array detector (DAD) or UV-vis detector. This column looks the overall
scope of spectroscopy and breaks down the types of optical spectroscopy including spectrophotometry as a tool
for the analyst to employ in improving their analyses.

A

nalytical organic laboratories
are often acutely focused on
their chromatography, mass
spectrometry, and hyphenated
techniques. Chromatography is a powerful separation tool under the larger
umbrella of the overall fields of spectrometry and spectroscopy. The highest level, especially for analytical scientists, is spectrometry which is the
measurement of the interaction of
matter with energy (in particular electromagnetic radiation).
Under spectrometry is the important subdivision of spectroscopy,
which contains the bulk of what modern scientists consider analytical instrumentation techniques. Spectroscopy is the study or measurement of
the interaction of matter and electromagnet radiation resulting in spectra
(wavelength or frequency of the radiation). Spectroscopy is also described
as the study of color from all bands of
the electromagnetic (EM) radiation
spectrum and is the basis of many of
the most common types of laboratory
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analyses from atomic absorption to
X-ray fluorescence (Figure 1).
Electromagnetic radiation are all
the waves in the electromagnetic field
carrying electromagnetic radiation
throughout space. Electromagnetic radiation is made up of oscillating waves
of magnetic and electrical fields measured by frequency and wavelength.
Waves show regular repetitive changes in value where points in the wave
are either in-phase (oscillate in unison)
or out-of-phase (oscillating at different points not in unison). Wavelength
is the distance measured between the
nearest two points in phase with each
other. These two adjacent peaks (or
troughs) are said to be separated by
a single wavelength (λ) while the distance from peak to trough is the
amplitude (Figure 2).
The number of peaks in a unit of
time or space is called its frequency. When peaks, such as the wave discussed, are measured in time it is referred to as temporal frequency
measured in hertz (Hz) (one event per
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second) and is the reciprocal of period (the duration of time for one cycle
of an event such as the occurrence of
peak and trough).

The Electromagnetic
Radiation Spectrum
The EM radiation spectrum encompasses a wide band of energy including
energy waves such as radio waves,
microwaves, infrared, visible light,
ultraviolet, X-rays, and gamma rays
(Figure 3). Radio waves at the end of
the spectrum have the largest wavelength and the lowest frequency. The
size of these radio waves is in the hundreds of meters comparable with the
size of buildings. This wavelength size
does not travel particularly long distances or through many obstacles. Just
think of the range of AM radio stations
in a city with tall buildings versus the
range of FM or TV signals in the same
area. On the other end of the range are
gamma rays which are high frequency
and so small they cannot be measured
since the particles slip between the
cannabissciencetech.com
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Figure 1: Instrumental spectroscopy divisions.
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molecules of measurement devices.
For this reason, these very small waves
from ultraviolet to gamma rays are a
risk to cells, tissues, DNA, and other
molecules (Figure 3).
Many laboratory analytical techniques are focused on range of waves
associated with light from infrared to ultraviolet light in the range
of 100 nm to 1 mm. This energy encompasses the ultraviolet ranges, visible light, and the infrared spectrum.
Light outside of visible range for humans includes infrared light in the
range upwards of 700 nm. Infrared
(IR) light is divided into infrared-A
(700–1400 nm), infrared-B (1400–
3000 nm), and infrared-C (3000 nm
to 1 mm). These wavelengths of light
have a longer spatial period for a periodic wave than visible light. IR radiation is used in a wide variety of applications including scientific and
industrial equipment, law enforcement, and medical devices. One of the
common uses for IR is in the application of contactless thermometers during the COVID-19 pandemic.
cannabissciencetech.com

Figure 2: Wave diagram.

On the other side of visible light is
ultra-violet radiation, which is also
classified into three groupings: ultraviolet-A (UVA) from 315–400 nm; ultraviolet-B (UVB) from 280–315 nm;
and ultraviolet-C (UVC) from 100–
280 nm. UVA was frequently used in
artificial tanning before it was discovered to cause formation of free radicals and reactive oxygen. UVB is absorbed to a large extent (along with

UVC) by the Earth’s atmosphere. UVB
and UVC cause the reaction leading to
the production of ozone. UVB is a double-edged sword, it is needed for the
production of ozone and the production of vitamin D in the body, but it is
also the leading cause for sunburn and
DNA damage leading to cancer. UVB is
very photoreactive and can cause unwanted DNA changes in the photoreactive cells of the epidermis such as
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Figure 3: Electromagnetic spectrum.
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Figure 4: Basic types of energy and matter interaction in spectroscopy.
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melanocytes and basal cells. UVA has
the longest wavelength and penetrates
beyond the skin’s hypodermis into the
deeper dermis and can also change the
DNA of skin cells, but not to the same
degree as UVB radiation.
Most animals including human beings can only perceive light within the
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range of 400–700 nanometers, which
also gives us the perception of colors
when they are absorbed by objects and
reflect back as the opposite color. We
see the color red when light of many
spectrums hits something like an apple and all of the other wavelengths
of visible light are absorbed while the
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There are numerous interactions
between EM and matter including
absorption, transmission or refraction,
reflection, and emission. Absorption
occurs when matter transforms EM
energy into internal energy (such as
thermal energy) through an absorber.
Transmission (refraction) is a function
of the amount, wavelength, and angle
of which energy (or light) pass through
matter. Reflection is the measurement of
the amount of energy reflected matter
and emission is the change in energy
state as the incident energy passes
through matter. All of these processes
become the basis for some form of detection or spectroscopic measurement
technique (Figure 4).
Other types of spectroscopy interactions include elastic scattering (similar
to reflection) where the incident beam
is scattered within the target material rather than just reflected. Inelastic scattering also involves the measurement of scattering but is part in a
cannabissciencetech.com
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Table I: Common spectroscopy techniques
Technique

Name

Type

Target

Main Detection
Method

Energy Type

AAS

Atomic Absorption Spectroscopy

Atomic

Inorganic

Absorption

UV-vis

AES

Atomic Emission Spectroscopy

Atomic

Inorganic

Emission

UV-vis

AFS

Atomic Fluorescence Spectroscopy

Atomic

Inorganic

Fluorescence

UV-vis

OES

Optical Emission Spectroscopy

Atomic

Inorganic

Emission

UV-vis

XRF

X-ray Fluorescence Spectroscopy

Atomic

Inorganic

Fluorescence

X-ray

FTIR

Fourier-Transform
Infrared Spectroscopy

Molecular

Organic

Absorption
or Emission

Infrared

NMR

Nuclear Magnetic
Resonance Spectroscopy

Molecular

Organic

Emission

Radio

UV-vis

Ultra-violet Visible
Light Spectrophotometry

Molecular

Organic

Reflection
or Transmission

UV-vis

Optical Spectrophotometry

Molecular

Organic

Reflection
or Transmission

Range: Radio
through X-ray

Spectrophotometry

Figure 5: General spectrophotometer pathway.
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change in wavelength. Impedance is
the slowing of the transmitting of energy. Resonance spectroscopy is characterized by radiant energy being a radiating field between quantum states
of the material. Finally, there is nuclear spectroscopy that utilizes the nuclei
to determine the properties of matter.
Spectroscopy techniques are divided into atomic and molecular spectroscopy depending on the target to
be measured and the material being
tested (Table I). Atomic spectroscopy studies the energy and matter interactions between atoms. Most of
the atomic spectroscopy techniques
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are applied to the study of elemental
composition. The instruments under
atomic spectroscopy include atomic absorption (AA), X-ray fluorescence
(XRF), and inductively coupled spectroscopy (ICP). Molecular spectroscopy
studies the interaction of energy and
matter between molecules and is most
often found in techniques measuring organic molecules and includes instruments such as Fourier-transform
infrared spectroscopy (FTIR), nuclear
magnetic resonance (NMR), UV, and
visible light spectroscopy.
Spectrometry instruments are often further divided and defined by the
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type of interactions they produce and
the type of energy that is measured.
For example, X-ray fluorescence (XRF)
measures X-rays and the amount of fluorescent energy a material emits during exposure. Some techniques focus on
a narrow band of interactions (such as
emission only) or a small part the EM
spectrum (like X-rays) while other techniques monitor an array of interactions
and wavelengths on the spectrum.
In addition to all these spectroscopy
techniques that have been discussed,
there are spectroscopy detectors that
are coupled with other chromatography or mass spectrometry techniques
cannabissciencetech.com
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into hybrid or hyphenated analytical systems. In some cases chromatography systems such as capillary electrophoresis (CE), gas chromatographs
(GC), or liquid chromatographs (LC)
are coupled to mass spectroscopy
(MS), flame ionization detectors (FID),
UV-vis spectrophotometers (UV-vis),
refractive index detectors (RID), and
evaporative light scattering detectors
(ELSD) which each in their own way
measure the interactions of energy and
matter to produce a result.
Techniques utilizing the interaction
of the energy bands included in the
wavelengths of “light” are frequently referred to as spectrophotometers.
The basic pathway for a spectrophotometer contains an energy or light

source which is then sometimes split
or isolated by a filter or monochromator before encountering a sample.
The energy interacts with the sample
and the energy that is transmitted, absorbed, emitted, or reflected is measured by a detector (Figure 5).

Spectrophotometer
Configurations
Spectrophotometers are a common,
easy-to-use spectrometer found in
many organic analytical chemistry laboratories. They often work on the simple
principal of comparing the absorbance
or transmission of light through a
liquid sample compared to a blank or
a standard material. The difference or
change from the blank or standard ma-
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terial is used to calculate concentration
or a number of other results.
The most widely used form of spectrophotometers are UV or UV-vis spectrometers operating in the UV and
visible wavelengths of light from 180–
800 nm. There are several options and
configurations for spectrophotometers
including number of pathways (that
is, beams) detectable and the types of
modes of detection performed.
Spectrophotometers are characterized as either single beam, containing only one pathway from source to
detector and therefore only have one
sample pathway similar to Figure 5,
or a double beam (split) system splits
the energy source prior to interacting with the sample and diverts to a

HPLC Technology | Plant | Concentrates | Infused | Hemp Compliance | 8-Hour Battery | Easy- to-use
9THC | THCA | CBD | CBDA | CBG | CBGA | CBN | CBNA | CBC | CBCA | 8THC| 10THC | Terpenes
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Figure 6: General schematic of double beam, alternating in-time spectrophotometer.
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Figure 7: Reverse optical array spectrometer general schematic.
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second sample cuvette which most often contains a blank, reference standard or sample (Figure 6).
There are two basic types of a double-beam configuration. Alternating
in-time configurations have a series
of converging mirrors that bring the
beam back to one detector. The beam
is directed at alternating times between the two cuvettes and the detection occurs alternately as well. Simultaneous in-time configurations split
the beam between the two cuvettes
but do not direct the resulting beams
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Array
Grating or
Sensor

to a single detector and instead have
multiple detectors that can operate simultaneously during scans.
Some spectrophotometers have preprogrammed settings and allow for
only the monitoring of selected or a
single wavelength (fixed wavelength).
This configuration usually employs
some filter or slit which can be programed to allow only single wavelengths to be exposed to the sample.
In contrast, scanning and array spectrophotometers allow for an entire
range, multiple sets of wavelengths,
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or scanning subsequent wavelengths
along an entire range of wavelengths.
A scanning spectrometer uses a tunable monochromator to isolate individual wavelengths of light from the incident beam before interacting with the
sample. An array spectrophotometer
allows for the simultaneous scanning
of a range and has no filter or monochromator; however, there is often a
focusing slit to confine the incidence
beam. This configuration allows the
entire focused incident beam to interact with the sample and the data from

cannabissciencetech.com
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individual wavelengths occur at the
detector (known as reverse optics)
(Figure 7).
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Figure 8: Transmittance equation and diagram.

Spectrophotometry Lamps
The incident energy or light is provided by several different types of lamps
including halogen, xenon, deuterium,
and light-emitting diodes (LED).
Halogen lamps (also known as tungsten or quartz lamps) are similar to
incandescent light bulbs and cover the
wavelengths of visible light from about
320–1100 nm. In this lamp, the filament
heats up and emits light when a current
flows through it. The bulb is filled with
inert gas to prevent evaporation of the
tungsten filament. A halide is also contained in the lamp to create the halogen
cycle to return evaporated tungsten to
the filament and reduce blackening of
the bulb. Instruments with only halogen lamps can only detect wavelengths
of the visible light. Generally, halogen
lamps last about 2000 hours and are
comparatively low cost.
Deuterium lamps (D2) operate in
the range of 190–370 nm and are often paired with halogen lamps to cover the UV-vis spectrum. D2 lamps
operate at high temperature and require specialized quartz housings
that can increases cost. A D2 lamp is
a discharge light source with deuterium sealed in a bulb. A hot cathode is
used to deliver a steady arc discharge.
These lamps require a large power
supply that adds to the cost. D2 lamps
last about 1000+ hours.
Xenon lamps are discharge lamps
and high energy sources just like
the D2 lamp, but xenon lamps cover the entire UV-vis range and more
from 185–2000 nm and eliminate the
need for two types of lamps. Xenon
gas is sealed in the bulb with a tungsten electrode. The lamp operates at
80 Hz, which can prolong their life
but comes with increased costs higher than halogen or deuterium lamps.
cannabissciencetech.com

LED lamps produce single wavelengths of light with only small variations in bandwidth. The positive side
means no monochromator is needed
for some spectrophotometers.
Each type of lamp has its own benefits and drawbacks including range,
cost, and lamp life. Some technological
or programming advances for spectrophotometers can increase lamp life by
limiting lamp emissions to set time periods. One feature called press-to-read
(PTR) ensures the lamp is only ‘on’
when needed to increase lamp life.

Spectrophotometry
Measurement
Modes and Calculations
In all the configurations of spectrophotometers there are often multiple modes
in which a system can be operated. Many
multi-mode instruments can operate in
standard fixed wavelength or multiwavelength modes and some in scanning
modes as well. The data can then be
used for different types of calculation
such as for transmittance, absorbance,
concentration, and kinetics.
Transmittance (T) is the calculation
of the different of intensity (I0) energy
from the incident beam to the resulting
beam (I) (Figure 8). Transmittance is
usually expressed in units of percent.
The next type of measurement mode
is the negative log of transmittance
called absorbance (Equation 1).

Equation 1: Absorption

Equation 2: Beer Lambert Law;
c= concentration, A= Absorbance,
d= pathlength of cuvette (cm), and
ε = extinction coefficient

When a sample in solution is placed
in a transparent cuvette the light intensity is found to be proportional to the
sample concentration and the length of
the pathway of the cuvette (Figure 9).
This is called Beers Lambert Law.
A standard type of result is obtained
by calculating concentration with either a factor or a standard curve. In
this type of calculation, the concentration of a sample is determined by multiplying an absorbance (Abs) value by a
specific factor. This type of calculation
uses Beers Lambert Law where the
concentration is proportional to the
absorbance (Equation 2).
The extinction coefficient (ε) is
the characteristic of a substance that
tells how much light is absorbed at a
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Figure 9: Beers Lambert Law diagram and equation.
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particular wavelength per concentration, molarity, or pathlength. The extinction coefficient is sample specific
and describes how much the sample can absorb in L/(cm*mol) or mL/
(cm*g). If the factor is now known,
then the concentration of a sample
can be determined by standard curve
where known concentrations standards are measured, and a standard
curve is created.
Some other modes of data include
kinetic measurements where the absorbance of a sample is measured over
time for changes. The change in absorbance is plotted giving rise to details regarding reaction rates. In the
case of these types of measurements,
internal standards can also be added to
compensate for any losses or variations
and correct for bias.
There are a number of other specifications—such as accuracy, resolution,
and bandwidth—that should be considered in any spectrometers. In chromatography systems these terms refer to the size and retention time of
peaks, but in spectrometers it refers
to the resolution and accuracy of the
measurement around each wavelength
being measured.
Sometimes, a spectrophotometric
system’s function is enhanced by the
accessories that aid measurement including high-throughput sampling systems like multicuvette holders and
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changers, and sippers (pumping systems allowing for either very accurate
or continuous sample introduction), or
temperature-controlled accessories for
temperature sensitive samples.
Most basic spectroscopy systems
are equipped to perform routine analysis and experiments. Higher end instruments can provide more functionality but increase cost and the learning
curve for operation. The selection of a
spectrophotometry system ultimately is a tradeoff of functionality, target,
resolution, and price.

spectroscopy. Samples with color or
chromophores will interact with light
energy waves while other analyte functionalities will react with different
wavelengths of energy and produce
separate interactions that can be measured. The selection of the appropriate analytical technique depends on all
these factors to achieve the most accurate results possible for your targets.
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Final Thoughts
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The selection of spectroscopy instrumentation is dictated by the type of
samples, target elements or analytes,
and analytical detection level needed.
In some cases, the ability to collect
or recover the sample after analysis
may play a role in the selection of a
technique. Many mass spectroscopy
methods and instruments which change
or consume the sample are known as
destructive methods. Methods that can
sample in situ, or where sample is not
changed or consumed by the process
are non-destructive and may be used to
collect analytical fractions or recover
valuable materials.
Organic samples or targets are best
analyzed by molecular spectroscopy techniques whereas inorganic samples or targets are the focus of atomic

uv-vis/219-en-faq-what-kind-of-uv-vis-
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HAL Extraction
Shows First & Only
UL-Certified
Extraction Booth
at MJBizCon
Of the many exhibitors at the 2021 MJBizCon,
HAL Extraction will be the only one showing a
UL-Listed Extraction Booth. HAL’s CID1 rated
Extraction Booths are the first and only booth to
date to achieve this safety certification.
UL, Underwriters Laboratories, is a Nationally
Recognized Testing Laboratory that performs
electrical safety testing on household products
and beyond. For well over a century, UL has been
ensuring product safety.
A Need for Safety in an Emerging Industry
In the early days of cannabis legalization, plant oil
extraction was a risky business. Fires and explosions were common due to dangerous extraction
methods using highly flammable solvents.
“I knew lives would be at risk if the effective but
dangerous open blasting extraction method—using butane camping fuel and turkey basters of
flower— didn’t modernize to the safety standards
of a legal industrial process,” says Linn Havelick,
Certified Industrial Hygienist, and founder of HAL
Extraction.
Seeing the dire need for a safer plant oil
extraction process in the cannabis industry,
Havelick designed and patented the HAL
Extraction Booth.
Though the HAL Extraction Booth was already
one of the safest extraction spaces available, HAL’s
engineers take safety seriously and achieved UL
Listing in 2018.
“UL has become well known as the gold standard
for electrical safety in the U.S. and around the
world,” says Josh Gladfelter, Chief Engineer at HAL
Extraction.
“The UL mark on our products shows that they
have undergone stringent UL evaluation, are safe
to use in an explosive environment, and are up to
the highest safety standards in the industry,”
Gladfelter says.
cannabissciencetech.com

UL Listing Speeds AHJ Approval
Beyond ensuring an extraction space is up to the
highest standard of safety, a UL-Listed HAL
Extraction Booth can help extractors speed
approval from their local AHJ.
“AHJs will recognize UL as a top-tier safety
standard setter. Their respect for the UL mark
means that there will be less emphasis on ensuring that the technical specifications of the booth
are up to the standards the AHJ enforces,”
Gladfelter says.
This means new labs can spend less time on
setup and approval and begin profitable
extractions sooner.
An Expanding Product Line Committed to Safety
As HAL Extraction grows, they are committed to
keeping up their reputation for safety in new
products, like the newly released Degassing
Cabinet.
“The Degassing Cabinet is an exciting new
off-gassing tool that’s currently being processed
for UL Listing,” Gladfelter says.
“As our company grows and product lines
expand, we want to continue to set the gold
standard for safety in plant oil extraction,”
Gladfelter says. “We’re looking forward to the
future and releasing even more technology that
surpasses the highest safety standards in the
cannabis industry.”

www.halextraction.com
info@halextraction.com
720.504.4726
MJBizCon Booth C7438
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Part 2: Expanding Access to Lab-Grade
Cannabinoid Potency Testing …
No Ph.D. Required
In the second part of this six-part podcast, Cannabis Science &
Technology sat down with Anthony Macherone, senior scientist
and cannabis technical lead at Agilent Technologies, to talk with
Cree Crawford, co-founder and president of Ionization Labs, and
Alex Andrawes, CEO of Ionization Labs, about solutions for potency
testing, the industry’s biggest challenges, and more.
MACHERONE: What led you to start Ionization Labs and develop
your software solution, Cann-ID?
CRAWFORD: In 2014, I was in California—I had invested in and
developed several legal cannabis collectives—and during that
time, cannabis testing had become more prevalent. We were
sending samples to local testing labs, but it would take almost two
months to get a result back. Other growers in the area also had
similar complaints: they would divide a sample into equal parts and
send them to a lab over a period of time, and the results would be
inconsistent and skewed by 30+ percent. This trend has continued
across other states and has created a lack of confidence in the testing
results and final product labeling.
These two data points got me thinking, so I called Alex Andrawes, a
25-year wine industry veteran with extensive experience in testing.
We talked about creating a solution to bring in-house quality testing
to the operations side of the industry—cultivators, extractors, and
producers of product. We determined the highest volume test in the
industry was potency.
To make this solution successful, it had to be scalable for small- to
medium-sized labs. It had to be an effective and accepted technology
platform, simple to operate, and affordable. We explored various
technology platforms and determined high-performance liquid
chromatography (HPLC) was the best industry-accepted analytical
solution for cannabinoid potency testing. To address simplicity, we
had to engineer proprietary software that turned the versatile HPLC
into a powerful and accessible tool. This is where the Cann-ID software
was born. Our software integrates with the Agilent platform and gives
access to high-grade chemical analysis to a wider range of users.
MACHERONE: How does the Cann-ID software solution help
cannabis and hemp business operations? What companies and
groups are benefiting from your software tool Cann-ID?
ANDRAWES: Cann-ID helps cannabis and hemp operations—small,
medium, and large—by giving them chemical data at their fingertips.
We believe they shouldn’t have to wait for chemical data to make

Cree Crawford
Co-founder and President
Ionization Labs

Alex Andrawes
CEO
Ionization Labs

Anthony Macherone
Senior Scientist
Cannabis Technical Lead
Agilent Technologies
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their business decisions; they should be able to
acquire the same lab-grade chemical data in-house,
so they can operate seamlessly and effectively.
It’s one more layer of in-house QA/QC that exists
across other industries and needs to exist in the
cannabis industry because the cannabis plant itself
is so highly variable in the last 45 to 60 days of its
cultivation lifecycle.
We noticed early on that just because a processor
received a certificate of analysis (CofA) with a
product, didn’t mean it was a representative sample
of the entire lot. In fact, there was a large amount
of rejected material and a lack of confidence in the
CofA provided by a cultivator.
We created a way to streamline operations between
cultivator and processor where the processor could
quickly ascertain whether the product matched
the CofA. Cann-ID allows processors the ability to
purchase or reject material coming in and measure
potency at any interval without the wait.
CRAWFORD: Cann-ID brings a precision agriculture
and precision extraction tool to an industry in
great need of near-real-time data. An example in
cultivation is compliance. We’ve seen tremendous
crop losses in states like Hawaii that didn’t have
access to testing, so their crops went hot by the time
they got the test results back. This caused significant
financial loss to the farmers due to mandated crop
destruction by the government.
On the extraction side, there are six different testing
points throughout the process that we recommend
for maximizing yield. Extraction machines are
expensive. Every time you calibrate the machine, it
is generally taken offline. During this time, which
can take days, you have to send the samples to be
evaluated. But if you have an HPLC unit onsite, not
only are you getting consistency, but you’re keeping
your extraction machine calibrated and operating at
maximum efficiency.
We partnered with SICPA, a fourth-generation
Swiss security company and creator of CERTUS,
which takes a result and encapsulates a data point
that cannot be adulterated in the result, so you can
follow it through the whole chain of custody—it
can never be changed. This tool isn’t specifically
designed for any one area of the hemp and
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cannabis ecosystem. It’s designed for every single
layer and participant—from the cultivation sector
to the compliance sector. And it is a true test, track,
and trace solution.
MACHERONE: What are the cannabis and hemp
industry’s greatest challenges?
ANDRAWES: One of the biggest challenges is
the lack of product consistency. If this industry is
going to thrive into the next 10 years and be taken
seriously as a consumable, then there needs to
be consistency so that people know it is the same
product every time.
MACHERONE: What comes with the Cann-ID
solution subscription?
CRAWFORD: We offer two different products: The
full-solution classic model is for clients who have
less experience with chemical analysis and want
to have support through the whole process. The
second subscription model is designed for those
who already own Agilent’s hardware and only
need the software and calibration checks shipped
every month. The solution includes the software
and calibration checks. The classic can be rented
or purchased and includes the hardware, software,
and consumables, which are shipped monthly
depending on your volume of testing. We support
smaller operations running 50 tests up to larger
operations running 600+ tests with multiple HPLCs.
ANDRAWES: Time is money in this industry. We
take great pride in reducing time, lowering the cost
of operations and capital expenditure cost, and
making it easier to use.
MACHERONE: What’s next for Ionization Labs?
And can you talk a little bit about your partnership
with Agilent?
CRAWFORD: We’re in 20 states, four countries, and
expanding, which is exciting, as is our partnership
with Agilent. It gives us the platform and ability to
sell our subscription anywhere in the world that the
cannabis or hemp industry is blossoming.
ANDRAWES: We believe that empowering
people with chemical data solutions that enable
product to move down the ecosystem even faster
is where we can add tremendous value to the
industry and where we see our partnership with
Agilent blossoming.

DE44343.6254513889
Agilent products and solutions are intended to be used for cannabis quality control and safety testing in laboratories where such use is permitted under state/country law.
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Make Data Work for You:

Environmental Monitoring for Optimal Outcomes
By Gretchen Schimelpfenig, Tim Guiterman, and Vince Harkiewicz

Learn about the value of monitoring environmental conditions, how software platforms can analyze data
and offer insights, and the ways growers can use data to optimize plant health and vitality.

M

any environmental control systems such as lighting,
heating, ventilation, and air conditioning (HVAC),
and water are crucial for growers to achieve maximum yields in cannabis production facilities. A
well-built integrated controls system with analytics software reduces the amount of time a cultivator spends managing environmental conditions and identifying issues in a
facility. However, sensing equipment for a typical control system can generate tens of thousands of data points every single day. Translate data into useful information with analytics
software. Search for patterns in environmental data to detect problems in your mission-critical systems and what conditions are resulting in the greatest crop production and quality. Learn how you can take action using fault detection and
diagnostic software to fix issues and also identify recipes to
achieve the best outcomes for plants.

Monitoring Grow Environments
As the old adage goes, you can’t manage what you don’t
measure. But the truth is you can’t measure what you don’t
monitor. If environmental conditions are out of desired
parameters, plants may not show signs of stress until time
passes and issues create ripple effects across the canopy.
Knowledge is power. A key way to achieve the best outcomes for your plants and ensure the optimal conditions for
growth is to install sensing equipment throughout your grow
rooms. Sensors track actual conditions in your facility at recurring intervals to give you a continuous log of field data
you can analyze and correlate to productivity and yield. Approximately 55% of cannabis growers surveyed in 2020 report measuring light levels, 85% measure grow room temperature, and 72% measure grow room relative humidity (1).
With the variety of systems and large quantities of environmental points of data that can be collected, growers
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must plan how data will be used for monitoring, fault detection, and cultivation intelligence. If data is only used
for emergencies, recipes for lighting, HVAC, and watering systems cannot be dialed in. Fortify facilities with the
tools not just to avoid the worst outcomes, but to achieve
the best.
Resource Innovation Institute (RII) is a non-profit organization committed to cultivating a better future for all
of humanity. Our consortium of members brings perspectives from across the field—uniting architects and engineers, growers and operators, researchers and analysts.
Together, we measure, verify, and celebrate the world’s
most efficient agricultural ideas. In this article, RII’s
Technical Director and members of the organization’s
Technical Advisory Council (2) working groups share perspectives on ways growers can use data to achieve best
outcomes for yield and quality.

Making Data with Sensing Equipment
“There’s an amazing opportunity right now because there is
so much room for innovation. In systems, processes, genetics, grow mediums, automation, almost everywhere. There is
no single best way to grow, and as systems change so do the
processes. Whether you are trying to optimize for biomass,
terpenes, or extraction, you have to start by baselining how
your strains perform in your facility, start by collecting and
aggregating historical batch data, then optimize cultivation
recipes towards your goal,” shared Technical Advisory Council member Vince Harkiewicz, CEO of Grownetics.
It is crucial to use data from sensing equipment to achieve
best outcomes for your plants. Controls Working Group
members recommend placing environmental sensors to cover an average of 500 canopy square feet (300–1000 sq. ft. per
sensor seen by RII Technical Advisory Council members in
cannabissciencetech.com
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the field), but coverage depends on the purpose of the sensor
and grow environment setup (3).
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Figure 1: Image credit Grownetics.

Monitoring the Canopy Environment
To optimize environmental control to suit plant growth,
requirements are defined by facility design, cultivation system approaches, and the plants themselves. When the crop
grows, conditions change, and the way growers manipulate
cultivars can alter canopy density and the ways sensors
receive data.
Sensing equipment must deliver maximum precision
and environmental controls must use data from the field
to inform how HVAC equipment stages on to meet plants’
needs. It’s key to understand microclimates and how they
dynamically change based on the stage of plant growth
and heating loads in rooms. Existing sensing equipment
may monitor a limited number of data points in each room.
This lack of “data density” can provide misleading information about the overall characteristics of grow rooms and
likely miss key microclimate information that affects quality, consistency, and yield.

Harkiewicz noted that growing indoors with horticultural lighting systems also leads to stratification of the environment, where layers of the plant canopy undergo varying
conditions. The structure of the cannabis plant can pose
challenges for environmental control. When plants grow
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Figure 2: Image credit Grownetics.

NOTE :
Recent studies have shown that plants actively use an
extended PAR (ePAR) range for optimal growth. PAR meters
measure photons between 400 nm and 700 nm but do not
account for UV and far red bands which affect growth.
Dr. Bruce Bugbee of Utah State University has published
research establishing the new extended PAR range which
covers 380 nm (UV-A)—760 nm (far red/infrared).

bushier, canopy can greatly disrupt air circulation, leaving
warm, moist air stuck within the canopy. “This stagnant air
is ripe for mold, pests, and pathogens,” said Harkiewicz.
To mitigate stratification and avoid microclimates, place
sensors above and below the plant canopy. Ensure sensors are
placed as close to the plant canopy as possible, not on the wall
by the door. Consider intracanopy sensors to map microclimates at multiple elevations. Group sensors together to gain
insights on how to choose control setpoints. For greenhouses,
avoid placing climate and airflow sensors where they may be
in direct sunlight or exposed to wind to avoid false readings.

Considerations for Lighting
and Climate Management
Plants’ ability to convert CO2 into sugars and generate
biomass and quality characteristics is directly related to the
amount of light received by the canopy (4). Photosynthetically active radiation (PAR) from the sun or horticultural
lighting systems drives photosynthesis and can be measured
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with sensing equipment. Cannabis, like all plants, requires
different amounts of PAR based on their stage of growth.
Photons of light within the PAR range emitted by horticultural lighting systems are received by plants as photosynthetic photon flux density (PPFD). Photons received by the
plant canopy over a photoperiod, daily light integral (DLI),
is calculated by information gathered by sensing equipment.
It is particularly useful for greenhouses when developing
lighting recipes, balancing operation of supplemental lighting systems and sunlight. You can optimize PPFD to early
stages of growth by dimming your grow lights, or by shading plants in a greenhouse. Any time you can dim lights it’s a
double win because HVAC loads fall as well, this can lead to
substantial energy savings.
Vapor pressure differential (VPD) directly correlates to
plants’ ability to transpire. Balancing VPD along with an optimal environment for CO2 uptake is the art of environmental
control for cultivation. There is not a target VPD that is appropriate for all cultivars, environments, or cultivation methods. Consider acceptable VPD ranges by stage of plant growth
and then dial in HVAC system automation to tailor VPD to
your specific cultivars for your system. Search for patterns in
environmental data to understand if HVAC systems are maintaining room conditions within target VPD ranges.

Monitoring the Root Zone Environment
Consider monitoring a few indicator plants to gather more
points such as plant water and nutrient content as well as
leaf temperature. A minimum one or two moisture sensors
per irrigation zone are recommended for redundant alerting,
this is especially crucial in hydroponic systems because a
broken valve or pump can cost hundreds of thousands of
dollars in lost time and money.
Moisture sensors are often available with the addition of
electrical conductivity (EC) and substrate temperature sensors. These combination sensors further help optimize root
zone conditions by understanding nutrient salts build up,
and optimal root zone temps for growth (5).

Hardware-Agnostic Analytics
Many growers rely on data loggers to monitor and gather
targeted information, and this can be a time-intensive and
manual process that has to be repeated every time teams want
to analyze data. Loggers need to be placed in the environment,
appropriately configured, and then manually collected. Data
from loggers is typically downloaded in spreadsheet format so
it can be viewed and manipulated. When growers seek more
connected “real-time” sensing options, many run into issues
of cost, complexity, range issues, IT security threats, and
cannabissciencetech.com
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Figure 3: Image credit Gro iQ/InfiSense.

Figure 4: Image credit Grownetics

NOTE :
VPD sensors do not exist; VPD values are calculated
using relative humidity of the air in the space and leaf
temperature. The VPD is then calculated assuming the
plant is at 100% RH. Actual leaf temperature is greatly
impacted by leaf water loss and how much light leaves
reflect and absorb. This varies greatly by variety and a lot of
other factors that are rarely measured. Two plant varieties
growing in the same room right next to each other or two
leaves of the same plant in different levels of canopy will
have different VPDs.
Leaf surface temperatures are affected by radiation
generated from lighting systems and sunlight in
greenhouses. Monitor leaf surface temperatures with an
infrared temperature sensor (IR radiometer). Accurate
continuous monitoring systems for leaf surface temps
are challenging due to changing canopy distribution;
spot checks at different stages of growth and light levels
should be recorded.
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battery life issues from power-hungry sensors. Furthermore,
proprietary hardware for one data point often doesn’t play
well with proprietary hardware for other data points, and this
compounds problems.
Reliance on control systems to provide the sensing data you
need can also pose challenges. The data from control systems
is often hard to access or utilize in other analytics tools when
needed. This can prevent growers or consultants from easily accessing the data and acting on it accordingly. Costs and
complexity that add additional points to existing controls systems can also hinder data access and retrieval. Technical Advisory Council member Tim Guiterman, CEO of InfiSense,
recommends identifying monitoring systems that provide
for cost-effective data density, the flexibility to let you access
your data in multiple tools, and freedom to add and remove
sensors based on need.
Data is the goal, and growers should expect to be able to retrieve data from multiple sensors and multiple manufacturers and have the data in one place, so it’s consistently available when they need it and is immediately actionable, avoiding
wasted hours of data wrangling and cleaning. “Ensuring that
the data can be accessible via API and not locked in one place
provides flexibility and peace of mind and ensures data can
be viewed in powerful dashboards as well as simple spreadsheets,” said Guiterman. “Growers are also increasingly relying on a growing cadre of data-driven crop analytics platforms and consultancies to provide sensors and actionable
results. It is in the best interest of growers to seek out solutions that are extensible, open, and avoid vendor lock-in.”
Modern long range wireless sensors (LoRaWAN) hardware
address these issues. LoRaWAN equipment used by growers
that work with InfiSense can reliably communicate throughout
cannabissciencetech.com
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Figure 5: Image credit Grownetics

complex facilities, indoors and outdoors, without littering the
space with repeater hardware, and without relying on local IT
networks. Low-power LoRaWAN sensors have long battery life
that can also prevent undue maintenance and provide years of
data. Sensors and loggers can provide a range of cost and accuracy options while not locking growers into one proprietary
hardware vendor.

Using Data: Analyzing and Optimizing

Figure 6: Image credit Grownetics

Figure 7: Image credit Grownetics

With a unified data collection platform capturing canopy and
root zone data, creating strain or cultivar specific cultivation
recipes becomes a science. Understand how your cultivars
grow in your cultivation systems to create your cultivation
intellectual property (IP). Build IP for huge competitive advantages, especially when scaling up. Unlike other crops that
have been widely studied by universities, cannabis cultivation
science and controlled environment agriculture is new and
innovation is rapid. Implementing new technology can be a
gamble, but good data helps growers produce while continuously improving equipment and process choices.
“Making decisions without data will always be a shot in the
dark, and unfortunately we see far too many grows unable to
leverage the millions of data points their facilities are producing, relying solely on cultivation talent and growers’ intuition.
What happens if the grower leaves? This is a barrier to quality, consistency, and scale. The best operations are data-driven
and evidence based,” noted Harkiewicz.
Some tips to remember to put data to work to achieve
best outcomes include:
• C apture environmental monitoring data to build
strain-specific recipes tailored to cultivars, not just to
react to emergencies.
• T rack tasks and operations (who did what when) to understand yield outcomes and laboratory test results.
Tasks and operations to track include activities such as
defoliation, timing and frequency of watering events,
and movement of plants in and out of rooms.
• C reate a map of what conditions result in cultivars
performing best to build your operation’s
cultivation intelligence.
• T rain staff to implement standard operating procedures
(SOPs) to consistently achieve desired yield and quality characteristics so facilities can expand with plans for
performing the best.
Download RII’s new free Best Practices Guide on Automation
& Controls for Cannabis Cultivation (6). Access RII’s guides
on LED Lighting and HVAC for Cannabis Cultivation at ResourceInnovation.org/Resources. Check out RII’s past guest
columns on their author page (7).
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Exploring the Impact
of Cannabis on the Human
Brain, Heart, and Gut
By Josh Crossney

F

or this month’s installment of
“Cannabis Crossroads,” I sat down
with Dr. Denise Vidot, Assistant
Professor at the School of Nursing and Health Studies at the University of Miami. Her epidemiology research
aims to provide evidence on the health
impact of phytocannabinoids. Dr. Vidot has been a leader in evidence-based
research and collaborative studies. She
leads a multidisciplinary team that examines the impact of phytocannabinoids on multiple diseases. Dr. Vidot is
also the Founder and President of
CanaVee, a nonprofit organization that
allows her to help patients outside of
the academic setting.
COVID-19 attacks the lungs,
but many medical cannabis
patients continue to smoke
or vape cannabis products
(according to your survey).
What are the risks here and
won’t damage from COVID
potentially persist for long
periods of time?
Yes, COVID-19 impacts the
lungs; therefore, any type of
smoking can further irritate lungs.
Results from our team’s International
COVID-19 Cannabis Health Study
suggest that a proportion of cannabis
smokers pre-pandemic have switched to
non-combustible consumption methods.

Q:

A:
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For those who remain smokers, the
potential risk is in the byproducts of
smoking, potential additives (especially
in vape products), and persistent
irritation to lungs that are already
working harder if COVID-19 positive.
At the Cannabis Science
Conference in Baltimore,
you started your presentation
by talking about the impact
of cannabis on the brain,
heart, and gut independently.
Can you please share
this information with
our readers?
My presentation was focused
on how cannabis can influence
human health through key organs, such
as the brain, heart, and gut. I shared
that the reason cannabis can impact
these organs is due to the
endocannabinoid system that is in our
body and responsible for homeostasis.
The brain, heart, and gut independently
have receptors that are part of the
endocannabinoid system called CB1
and CB2 receptors. Research has
identified specific phytocannabinoids
(cannabinoids found in the cannabis
plant) that engage with these receptors.
The ability for phytocannabinoids to
engage with the CB1 and CB2 receptors
is the reason cannabis can either have a
positive or negative impact on these

Q:

A:
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organs. A well-documented example is
comparing how tetrahydrocannabinol
(THC) and cannabidiol (CBD)—two of
the most studied phytocannabinoids—
engage with the brain. THC has been
shown to bind directly to CB1 receptors
which are highly concentrated in the
brain, thus the “psychoactive effect”
associated with THC. CBD has not
been shown to bind directly to CB1
receptors in the same way as THC, thus
it does not have the same
“psychoactive” effect as THC; though,
there is still activity with CB1 receptors
so one cannot definitively say there are
no “psychoactive effects.”
Can you explain your
laboratory’s epidemiological
evidence-based hypotheses
regarding how cannabis
engages with the brain-heartgut axis? Which chronic
diseases are impacted?
The scientific community and
literature are in agreement
regarding the importance of the
brain-gut axis; however, evidence is
growing indicating the significance of
the heart with the axis. Our laboratory
has been conducting observational
research over the past 10 years
examining the impact of cannabis use
on subclinical cardiovascular disease
risk, mental health, and the gut

Q:
A:
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microbiome independently. Our
preliminary evidence led us to the
hypothesis that the health of the
brain-heart-gut axis is associated with
chronic disease status. Specifically, we
examined the impact of cannabis on the
following chronic diseases and found
differences in the axis by cannabis use:
HIV, cancer, diabetes, and most
recently COVID-19.
What is your laboratory
looking at for the future?
What are the next areas
that you are interested
in exploring?
We are very interested in
continuing to follow
epidemiologic steps in methodology. To
date, we have conducted cross-sectional,
case-control, and cohort studies (all
observational). The next step is to obtain
US Food and Drug Administration (FDA)
approval to conduct randomized control
trials to better test our hypotheses.
During our COVID-19 studies, we also
saw an increase in the prevalence of
psilocybin and cannabis co-use. Study
participants report the co-use to manage
mental health specifically amid the
pandemic. Our laboratory has been
studying psychedelics indirectly, but
have now designed and launched studies
to more closely examine what has been
reported by study participants. I am
most excited about exploring how the
co-use of cannabis and psychedelics may
impact the brain-heart-gut axis in the
context of chronic disease.
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About the Interviewee

Dr. Denise C. Vidot is a cannabis epidemiologist at the
University of Miami where she is Founder of the International
Cannabis Research Collaborative. Her research focuses on the
biological, psychosocial, and societal implications of cannabis
by providing evidence on the impact of phytocannabinoids
on human health via the endocannabinoid system.

Figure 1: Dr. Denise Vidot presenting her keynote address at the 2021 Cannabis
Science Conference East.

Q:
A:

Q:
A:

Can you tell us more about
CanaVee (and any other
initiatives that our readers
should be aware of)? Any
other final comments that
you wish to share?
CanaVee is a non-profit
organization I founded based on

cannabissciencetech.com

the reality I was seeing in our
community: patients did not have access
to evidence-based information regarding
the health impact of cannabis use. The
organization provides educational
resources to patients and caregivers to
help clarify what is known about
cannabis and health. We also provide
webinars and educational talks to groups.
As a final comment, I would like to
encourage readers to read more about
the endocannabinoid system. This is a
system I never learned about formally in any of my education. Had I learned
about this while obtaining my doctoral degree, I strongly believe my laboratory’s science would be more robust.
This is the system that was the premise behind our Herbal Heart Study. More
information about our laboratory’s

ongoing NIH-funded study can be found
at herbalheartstudy.com
I want to thank Dr. Vidot for sharing her
research foci with us. This research truly
helps us better understand the relationship
between cannabis and cardiovascular
disease risk based on how cannabis is
consumed and we look forward to future
epidemiological studies.
A BOUT THE COLUMNIST
JOSH CROSSNEY is the
columnist and editor of
“Cannabis Crossroads” and
a contributing editor to
Cannabis Science and
Technology magazine. Crossney is also the
president and CEO of CSC Events.
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Opening or Expanding Your
Cannabis Grow Operations
Are you new to the cannabis space or thinking about
expanding your current grow operation? Whether
you have an indoor or outdoor operation, there are
many factors to consider—from space, infrastructure,
cultivation needs, and lighting to electrical and supplies.
CST: Tell us about ItemGrabber Green and how your services can
help start or expand a cannabis grow operation.
MARTIN: ItemGrabber Green is an internet supply house for all things
cannabis: operations, cultivation, extraction, edibles, etc., for hobbyists
and licensed facilities. We also have a pro-services division, which I am
part of, designed to help licensed facilities improve their profitability
and/or help them start, from the ground up, to create a cultivation
facility in the cannabis space. We improve on what facilities already
have through our consulting services and/or product acquisition,
design services, etc.
CST: What are the most common mistakes you see grow
operations make?
MARTIN: The most common mistakes with a grow operation tend to
be not having the right folks trained in their positions, so they don’t
know the scale or magnitude of work that comes with a cannabis
operation. Sometimes there are design problems or a style of growing
that is problematic for the skill level of the staff. There can also be
issues with energy consumption or climate and environmental
factors—there’s a whole gamut of mistakes, but the most common is
untrained and misfit staff. An operation might have a good grower,
but he/she can’t handle the business end of it, or they are good at
the business end, but the plants suffer, so vetting and training the
right people with the right attitude, because the attitude does matter
in this business, makes all the difference to the success level of a
cannabis operation.
CST: What are the must-have supplies of a grow operation?
MARTIN: LED lighting is a must-have, as is vertical integration/
vertical growing—you need to maximize your canopy for the square
footage of cultivation space that you’re allowed to use in any given
municipality. As far as consumables, you need media—which type of
cocoa, soil, or rock wool the plants grow in—containers to grow the
plants in, different plant foods, pesticides, and support for the plant
leaf, branches, and trimming supplies. ItemGrabber Green stocks all
these items, and they are ready to ship at a moment’s notice.

Scott Martin
Cannabis Operations
Specialist
ItemGrabber Green
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Look at what it’s going to cost you to expand your
operation versus your return and keep a close eye
on that bottom line. Sometimes that means you
expand more slowly, section by section, and reap
the benefits of the new expansion to help fund
expansion in other parts of your operation. The main
thing is to watch how you spend and spend wisely.
ItemGrabber Green is here with the know-how to
help anyone in this industry do that and do it well.

CST: Do you have any favorite manufacturers when
it comes to lighting or cultivation supplies?
MARTIN: There are many good LED lighting
companies in business, but my favorite is Hydrofarm
Photo Bio—it offers a lot of value and quality; it is
a well-designed and very powerful light. There are
many other LED lighting suppliers, and we sell their
products as well.
CST: For those looking to expand their operations,
what advice can you give them that will help them
scale and enter new markets effectively while still
achieving revenue goals?
MARTIN: You always have to look at the bottom
line, and what it’s going to cost you to expand your
operation. If you have the space to expand and the
OK from your county or state, and if you currently
have a horizontal canopy—one layer of canopy on
the ground—then one way you can expand is to use
a vertical using a rack system. Instead of having one
layer of plants, you can have two, three, or possibly
four layers of plants vertically supported by a rack
system if you have the ceiling height to support it.

CST: Do you think it’s wise for someone new or
expanding to hire a consultant?
MARTIN: Yes. The person who is a license holder
may or may not have significant experience in the
industry, and there is a lot of what you don’t know,
you don’t know, in this business. So, when a person
is getting into cultivation or any type of licensing,
there are the things they do know, so they don’t
need our help. What they need our help with is the
stuff they didn’t know that they didn’t know—things
that will come back later to be a problem.
A consultant can save an operator huge costs, cost
overruns, failed crops, and a lot more. This is a very
expensive business, so as a cultivator, you don’t
have room for failed crops. A consultant can point
out where are the potential problems, design flaws,
areas where the facility may be over or underbuilt.
Tightening up and reducing costs such as power
usage can help save their bottom line and keep
them profitable.
For more information, visit ItemGrabberGreen.com.

ItemGrabber Green is dedicated to providing the cannabis industry with a broad selection of
products used in cultivation, extraction, testing, production, and beyond. In business for over 20 years,
ItemGrabber has extensive experience in consumable-product supply-chain management. We are
able to apply our knowledge and experience to deliver second-to-none customer service, enterpriselevel eCommerce and integration technologies, an expansive and growing product selection, and fast,
professional, and concise delivery services.
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Measuring Cannabidiol
Bioactivity: Neuronal Cell
Survival and Neurite Outgrowth
B E N J A M I N S . W E E K S A N D P E D R O P. P E R E Z

A significant endpoint to assess cannabidiol (CBD) preparations is bioactivity. Assessing CBD
preparation bioactivity can be accomplished by measuring the biological effects of CBD on known
biological pathways. CBD is known in various systems to promote neurite outgrowth and neuronal
survival by acting through known neurotrophin signaling pathways. For example, CBD binds to
the nerve growth factor (NGF) receptor known as TRKA and activates the extracellular-signalregulated kinases 1 and 2 (ERK1/2) signaling pathway associated with NGF-induced neuronal
cell survival and neurite outgrowth. Here we report the ability of CBD prepared by continuous
extraction process with natural lipid-metabolites to activate signals through the TRKA-ERK1/2
pathway and promote survival and neurite outgrowth in neuronal PC12 cell cultures. PC12 cell
viability and differentiation were measured over five days in glucose and serum deprived cultures
treated with NGF or CBD. CBD enhanced PC12 cell survival above that seen with NGF by 15% on day
three and 31% on day five. The ERK1/2 kinase inhibitor, K252a, inhibited both NGF and CBD induced
survival and neurite outgrowth. Here we show that CBD acts like a neurotrophin by stimulating
TRKA signaling and promoting neuronal cell viability and neurite outgrowth. Lastly, CBD prepared
by continuous extraction process with natural lipid metabolites when combined with vitamin
C-lipid metabolites showed the greatest cell survival and differentiation. The neurotrophic activity
of CBD suggests that CBD may be useful in promoting survival of stem cell implants and also in
cases when neuroplasticity contributes to healing such as in Parkinson’s disease, treatment of
mood disorders, and nerve repair. This study presents bioassays for CBD, which can be used to
assess the neurotrophic bioactivity of CBD formulations.

N

eurotrophins are small soluble paracrine signaling molecules that promote neuronal cell survival, proliferation, and differentiation. These neurotrophins include nerve growth factor (NGF),
brain derived neurotrophic factor (BDNF), neurotrophin–3 (NT-3), and glial-derived neurotrophic factor (GDNF). In addition to supporting the establishment of central nervous system (CNS) neurocircuitry,
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neurotrophins also support the survival of neuronal stem
cell implants in animal models of spinal cord neuroregeneration and protect the CNS from toxicities and promote nerve repair and regeneration in the case of nerve
damage (1–5). For example, both GDNF and NT3 have
been shown to support the survival of neuronal stem cell
implants in the CNS of animals and improve spinal cord
repair (3-5). Further, in the absence of stem cells, the
cannabissciencetech.com
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neurotrophins NGF, BDNF, and NT3 have all been shown
to directly assist with neuritogenesis in the repair of spinal
cord injury (5). Further, in cell culture systems, NGF promotes neuronal cell survival in an oxygen-glucose deprivation culture system (6) and promotes the survival of rat
PC12 neuronal cell cultures in the presence of toxic levels
of ethanol (2). Moreover, in humans, intraventricular injection of NGF into two children with hypoxic ischemic shock
ameliorated the neuronal damage and promoted the restoration of neural networks (7). These neurotrophins affect
neuronal survival and plasticity by binding to cell surface
receptor tyrosine kinases and for NGF, BDNF, and NT-3
these receptors are known as the tropomyosin receptor kinase (TRK) A, B, and C, respectively, while GDNF binds to
the cell surface tyrosine kinase receptor known as RET (rearranged during transfection) (8–10). Upon neurotrophin
binding the TRKA-C and RET receptors trigger the activation of a variety of cytoplasmic kinases including the extracellular regulated kinases 1 and 2 (ERK1/2) which is associated with neuronal cell survival and neuritogenesis (11–18).
Indeed, activation of the neurotrophin ERK1/2 signaling
pathway is of great interest in the development of new neuroprotective and neuro-regenerative therapies (11,19,20).
In this regard the therapeutic phytochemical, cannabidiol (CBD), acts like a neurotrophin and binds to the NGF receptor, TRKA, activates ERK1/2 promoting neurite outgrowth in PC12 neuronal cells, and protecting PC12 cells
from ß-amyloid toxicity (21–23).
CBD is recognized by a wide range of cell receptor systems that are highly evolutionarily conserved and have a
wide distribution in human body systems (24). Of particular note is the effect of CBD on the human nervous system with demonstrated benefits in treating pain, seizure,
schizophrenia, addiction, anxiety, and Parkinson’s disease
(25–31). In animal studies, CBD treatment has been shown
to reduce brain damage in porcine and rodent models of
neonatal hypoxia and ischemia (32,33) and in adult murine
models of neurological ischemia (34,35). In neuronal cell
culture systems, CBD has been shown to reduce ß-amyloid
tau phosphorylation and subsequent toxicity to PC12 cells
(21–23) and to reduce the toxicity of cadmium ion and hydrogen peroxide (36,37). Further, CBD binds to TRKA, activates ERK1/2 in rat and human neuronal cells (23,38),
and promotes neurite outgrowth in PC12 cells (23). CBD
promotes neurite outgrowth in both murine N2a neuronal
cells and primary neurons and activates ERK1/2 through
the cannabinoid receptor-1 (CB1) signaling (39,40). Overall, as noted, CBD is neurotrophic and possesses some of
the therapeutic qualities of the neurotrophins.
cannabissciencetech.com
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Here, we use PC12 neuronal cell cultures to establish the
conditions of assessing the neurotrophic activity of CBD.
We tested the ability of CBD prepared by continuous extraction process with natural lipid-metabolites to act like
NGF and promote neuronal cell survival and neurite outgrowth through the TRKA-ERK1/2 signaling pathway. We
also tested the effect of adding citamin-C-lipid metabolites
to the CBD treatment. Cell survival and viability was monitored by trypan blue exclusion and neurite outgrowth was
assessed by visual inspection.

Materials and Methods
Cells and Reagents

PC12 cells were maintained in Dulbecco's Modified Eagle
Medium (DMEM) containing 7.5% heat-inactivated horse
serum and 7.5% fetal bovine serum (Fisher Scientific, Inc.)
and cultured in T-75 vented Nunc brand tissue culture
flasks (Fisher Scientific, Inc). For passage, PC12 cells were
rinsed with serum-free DMEM and treated for 5–10 min with
trypsin. Cells were then collected, suspended in culture

october 2021  |   cannabis science and technology ®

47

peer-reviewed

research

/

Figure 1: Effect of CBD on PC12 cell survival during glucose and

serum starvation. Cells were untreated (blank) or treated with
either 100 ng/mL NGF or 10 µM CBD and the percent of viable cells
was determined over five days as described in the "Materials
and Methods" section. Data were plotted and analyzed using
KaleidaGraph. Analysis of variance (ANOVA) shows that the
cells treated with CBD are significantly more viable with 95%
confidence than both untreated and NGF treated cells on both
days three and five (*) and NGF treated cells are more viable
with 95% confidence than untreated cells by day five (**).
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Figure 2: Effect of CBD on neuronal cell survival through the
ERK1/2 signaling pathway. PC12 cells were seeded on tissue
culture plastic in a serum-free medium and percent of viable
cells was determined by trypan blue exclusion on day 5 post
serum and glucose starvation. Cells were either untreated
(blank) or treated with 100 ng/mL nerve growth factor (NGF) or
with 10 µM CBD. Analysis of variance (ANOVA) shows that NGF and
CBD enhance survival of the PC12 cells with 95% confidence (*).
The ANOVA also shows that ERK1/2 inhibitor, K252a, inhibited NGF
and CBD induced viability to a statistically significant extent at
95% confidence (**).
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medium, and plated at a 30% confluence. The PC12 cells
were maintained between a 30% and 90% confluence in a
CO2 water-jacketed incubator maintained at 37 oC. Murine
2.5 S nerve growth factor was purchased from Thermo Fisher
Scientific, Inc., at a stock concentration of 100 µg/ml. K252a
was purchased from Sigma Chemical Co. and dissolved in
dimethyl sulfoxide (DMSO) to a stock concentration of 1 mg/
mL and tested at 0.1 µM. CBD was prepared by continuous
extraction process with natural lipid-metabolites (OneHemp
CBD) and vitamin-C lipid metabolites (PureWay-C) were
provided by One Innovation laboratories. High performance
liquid chromatography (HPLC) analysis of the CBD preparations showed that both contained less than 0.015% THC
while the CBD alone contained 3.12 mg/g of CBD, and the
CBD with vitamin-C contained 2.79 mg/gm CBD. Both the
CBD and CBD with vitamin-C preparations were emulsified
into DMEM and tested at 10 µM. The vitamin-C was tested at
0.5 mM in combination with 10 µM CBD.
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NGF

CBD

NGF
CBD
+ K252a
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For both neurite outgrowth assays and serum-free survival
assays, PC12 cells were collected and rinsed free of serum
by centrifuging approximately 6x106 cells (a 90% confluent
T-75 flask) pouring out the supernate and suspending the
cells in DMEM and repeating this three times. For the final
suspension the cells were placed in 1.0 mL DMEM and 10 µL
of the cell suspension was counted on a heamocytometer.
Cells were then diluted to 5x105 cells/mL of DMEM and
0.5 mL was seeded in the wells of a 24 well tissue culture
plate (Fisher Scientific Inc.). At the time of cell seeding,
for appropriate cells, NGF was added at a final 100 ng/mL
concentration, K252a was added to appropriate wells at a
final concentration of 0.1 µM, and CBD was added to appropriate wells at a final test concentration of 10 µM. Cells
were immediately, and at various times, tested for viability
by removing them, rinsing from test wells, and treating
the cells with trypan blue and inspected at 10x magnification on a Heamocytometer. The medium collected prior to
rinsing was also collected and the cells remaining attached
to the wells were counted as a percentage of attached cells
and then removed and combined with all cells from the
well to count total cell viability. The percent viability was
determined as the number of cells in a count of 100 that
excluded the trypan blue. These cells were then discarded.
To measure viability, cells were then collected on days 1, 3,
and 5 to yield viability counts on days 0, 1, 3, and 5. Wells for
assessment of neurite outgrowth were visually inspected and
assessed for the percent of cells having a neurite extending
cannabissciencetech.com
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Figure 3: Morphology of PC12 cells treated with CBD formulations. PC12 cells were seeded on tissue culture plastic in serum free

medium and at the time of cell seeding were (a) untreated; (b) treated with 100 ng/mL NGF; (c) 10 µM CBD prepared by continuous
extraction process with natural lipid-metabolites; or (d) CBD prepared by continuous extraction process with natural lipid-metabolites
plus vitamin-C lipid metabolites. Cells were photographed on day three at a final magnification of 320x.

A

B

C

D

at least one cell diameter. After assessment, these cells were
returned to the incubator to continue the formation of neurite. The time course experiments were done in duplicate.
Cells treated with K252a were separate experiments assessed
on either day 3 or 5 and were done in triplicate.

Results and Discussion
To challenge the viability of PC12 cells, we removed from
the culture media all glucose and serum proteins and
factors and used trypan blue exclusion to determine PC12
cell culture viability over a 5-day period. In the absence
of glucose and serum, cultures of PC12 lost viability by
approximately 25% by day 3 and 70% by day 5 (Figure
1). Treatment with NGF protected PC12 cells from the
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catabolite and nutrient starvation condition with a 65% loss
in viability by day 5. CBD treated cells showed the greatest protection with only a 45% loss in viability (Figure 1).
These are the first data to show that NGF and CBD protected PC12 cells from glucose and serum starvation. In this
regard, CBD may be an excellent treatment to include with
stem cell implants to improve the survival of the implant.
Further these data suggest that CBD treatment may also
have neuroprotective value.
To explore the CBD signaling pathway involved in enhancement of PC12 cells survival, the ERK1/2 inhibitor
K252a was added to the PC12 cell cultures. The ERK1/2 kinase inhibitor K252a blocked CBD-enhanced survival in
PC12 cells (Figure 2). These are the first data to show that
cannabissciencetech.com
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Figure 4: Effect of CBD neurite outgrowth by activating the TRKA

associated ERK1/2 signaling pathway in PC12 cells. PC12 cells
were either untreated (blank), treated with 100 ng/mL NGF, or
10 µM of CBD and neurite outgrowth was assessed on day 3 post
serum and glucose deprivation. ANOVA shows that NGF and CBD
enhanced neurite formation in PC12 cells with 95% confidence
(*). Further, ERK1/2 inhibition with K252a, reduced NGF- and CBDinduced neurite outgrowth with 95% confidence (**).
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The maximum percentage of viable PC12 cells exhibiting
neurite outgrowth on day 5 post treatment was approximately 25% (Figure 4). CBD stimulated neurite outgrowth
approximately 35% greater than NGF. These data suggest
that CBD may be a useful treatment in cases when neuroplasticity is required.
Vitamin C alone does not act as a neurotrophin, but it
has been shown to potentiate NGF-mediated neurite outgrowth (41,42) (Table I). Here we tested to determine if vitamin-C would potentiate CBD-induced neuritogenesis. Indeed, when vitamin-C combined with CBD, the signaling
was promoted to a greater extent than that seen with NGF
(Table I). These data suggest that vitamin C may enhance
the biological activity of CBD when prepared by continuous lipid extraction.

Blank

NGF

CBD

NGF
CBD
+ K252a

Table I: Effect of treatments on neurite outgrowth in PC12

neuronal cells. PC12 cells were placed in triplicate in serum free
medium and cultured for 5 days with no additional treatment
(blank), 0.5 mM vitamin C, 100 ng/mL nerve growth factor (NGF),
NGF plus 0.5 mM vitamin-C, 10 µM CBD, and CBD plus 0.5 mM
vitamin-C. After 5 days the percent of cells with neurites in each
treatment group was counted and reported with the standard
error of the mean. The data were analyzed by an analysis of
variance (ANOVA) in KaleidaGraph. The asterisk (*) indicates
a statistically significant difference between CBD and CBD +
vitamin-C at a 95% confidence level.

The bioactivity of CBD preparations, formulations, and mixtures is an important endpoint when CBD is considered for
human health applications. For example, when applying CBD
to the treatment of mood disorders, epilepsy, pain, and other
neurologically related health issues, the ability of CBD to act
on neurotrophin receptors and promote neuronal differentiation and survival is a valuable endpoint activity to measure
and confirm. Here we find that when CBD is prepared by a
continuous extraction process with natural lipid-metabolites
(OneHemp CBD), it was neuroprotective and stimulated neurite outgrowth through the NGF ERK1/2 signaling pathway in
PC12 cells. Furthermore, vitamin-C lipid metabolites (PureWay-C) potentiated certain cellular effects of CBD. Taken
together this study presents useful bioassays to confirm the
appropriate neurotrophic bioactivity of CBD preparations,
formulations, and mixtures.
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the ERK1/2 pathway enhanced PC12 cell viability when
starved for glucose and serum.
PC12 cell morphology is polygonal and when treated
with NGF these cells began to extend neurites (Figure 3).
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Introducing New VIST TM Technologies
for Better Cannabis
Proprietary Decontamination, Packaging and Screening Systems to Deliver Cleaner
Cannabis & Enhanced Consumer Experience: An Industry First from VIST Labs LLC

R

EMEMBER THE EXPRESSION,
“Measure twice, cut once?” This
well accepted phrase offers an important reminder that careful first
steps can reduce costly mistakes down the
road, an adage that is as true for growers
and processors in the cannabis industry as
it is for any other.
In this case, oversights in cannabis processing and insufficient internal quality
control can lead to problems with mold and
bacterial contaminants on cannabis flower. Due in part to increasing product recalls,
concerns about cannabis safety and potency are growing at the same time the industry
is expanding.
Now, an exclusive, patent-pending system from VIST TM Labs LLC is available to
cultivators, processors, and dispensaries to help protect product from harmful mold, yeast and bacteria. VIST offers
the industry’s first true end-to-end mobile, pharma-grade science and technology solution to screen, purify, and AMAPS
package cannabis products for extended
shelf life.
Knowing in advance about any harmful
microorganisms that may be present before
distribution provides cannabis business
owners with profit protection and delivers a
better consumer experience.

Mobile Services
Equipment is rolled off customized Sprinter
vans and brought into licensed grow and
processing facilities. All work is performed in
customer’s facilities.
Vans are temperature controlled and
include areas for WIFI data collection,
packaging materials, screening kits, and
other supplies.
cannabissciencetech.com

Decontamination
The VIST proprietary technology kills mold,
yeast, and other bacteria while retaining
terpene and cannabinoid levels as well as
positive organoleptic qualities of cannabis.
The patent-pending technology rapidly
pasteurizes cannabis to remove harmful
contaminants without irradiation.

Quality Control
Indicative Screening
VIST developed a fast and reliable screening
system to identify the level of mold, yeast
and aerobic bacteria that may exist in flower
or shake. The system comes in pre-packaged kits. All the necessary screening
components are included.
In addition, VIST technicians are trained
to gather samples in a manner that does not
remove any physical flower from licensed
facilities. Samples are collected and incubated, then data is tabulated to understand
plate count levels (Colony Forming Units)
Pre and Post VIST technology.

AMAPS Packaging
The VIST Aseptic Modified Atmosphere Packaging System (AMAPS) extends product shelf
life and protects terpenes and cannabinoids.
AMAPS equipment automatically
weighs and loads 1 to 7 pounds of flower
into barrier bags. To create the optimum
environment to slow mold and bacterial growth, the packaging equipment uses
proprietary multi laminar flow technology.
This helps retain moisture at normal levels and reduces oxygen to parts per million. All of this is done in a Class 100 clean
room environment inside the packaging
machine. Various bulk packaging formats
are available.

The VIST AMAPS technology is the cumulation of many years of developments
within the pharmaceutical and food industries. VIST founders are pioneers in extended shelf-life packaging of perishable goods
including injectable drugs and infant formulas. They hold over 220 patents in the field.

Franchising
To meet growing demand for proven,
science-based cannabis processing and
packaging technologies, VIST Labs LLC is
making its proprietary systems available to
entrepreneurs who want to become part of
the new VIST Franchise Systems LLC. VIST
decontamination and AMAPS technologies
address early detection, eradication, and
sterilization for product contaminants
while assuring plant quality and purity over
extended shelf life.
For more information: www.vistlabs.com.

VIST Labs

( 847) 598-8805
1515 Woodfield Rd,
Schaumburg, IL 60173
www.vistlabs.com
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Accelerating
Cannabis Testing:
How Filter Plates Increase
Throughput and Productivity
BY L O R I E U L E R

States that legalize cannabis sales require that all cannabis products undergo analytical
testing before purchase by the public. This trend has driven cannabis testing services
to become a $1.1 billion industry in the US. In addition, the market is expected to grow
at a compound annual rate of 15.4% from 2020 to 2027. The leading factor propelling
market growth was a rise in contamination cases. As the sale of medical and recreational
cannabis products became increasingly popular, it was essential that products were
properly tested for safe consumption. Regulatory agencies established maximum
quantity limits for residual solvents, insecticides, pesticides, heavy metals, microbes,
and mycotoxins found in cannabis plants. In recent years, laboratories have adapted a
multitude of analytical testing techniques to protect consumers from these dangerous
contaminants. As the demand for testing services grows, in-house and independent
laboratories are searching for new technologies that offer significant throughput
advantages in cannabis testing workflows. In response, this article explores five common
cannabis tests, incorporating filter plates into sample preparation workflows, and the
benefits of incorporating filter plates in cannabis testing workflows.

S

TATES THAT LEGALIZE cannabis sales require
that all cannabis products undergo analytical testing before purchase by the public. This trend has
driven cannabis testing services to become a $1.1 billion industry in the US—and the market is expected to grow
at a compound annual rate of 15.4% from 2020 to 2027 (1).
The leading factor propelling market growth was a rise
in contamination cases. As the sale of medical and recreational cannabis products became increasingly popular, it was essential that products were properly tested for
safe for consumption. Regulatory agencies established
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maximum quantity limits for residual solvents, insecticides, pesticides, heavy metals, microbes, and mycotoxins found in cannabis plants. In recent years, laboratories
have adapted a multitude of analytical testing techniques
to protect consumers from these dangerous contaminants.
As the demand for testing services grows, in-house and independent laboratories are searching for new technologies
that offer significant throughput advantages in cannabis
testing workflows. Here, we review five common cannabis tests and discuss how adding filter plates into sample
preparation workflows can be beneficial.
cannabissciencetech.com

processing & manufacturing

Five Common Cannabis Tests
There are five common tests that most laboratories perform
to ensure cannabis products are safe for consumption:

1.

2.

 otency testing: This test determines the amount of
P
cannabidiol (CBD) and tetrahydrocannabinol (THC) in
a given product. Full cannabinoid profiling requires a
filtration step followed by ultrahigh-pressure liquid
chromatography with diode array detection (UHPLCDAD). This workflow allows analysts to directly measure
the amount of cannabidiolic acid in a sample.
Pesticide testing: This testing workflow typically
requires extraction and cleanup steps to remove
elements that may affect testing results. Then,
the sample is analyzed using either liquid or gas
chromatography with tandem mass spectrometry
(LC–MS/MS or GC–MS/MS) for the qualification and
quantification of chemical residues.
Heavy metal testing: Cannabis plants may extract
heavy metals from surrounding soil. Larger

3. 
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4.

5.

/
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laboratories use inductively coupled plasma mass
spectrometry (ICP-MS) analysis, which is capable of
detecting metals at sub-ppb levels. ICP-MS offers fast
runtimes, high throughput, and superior sensitivity
while yielding accurate and reliable results.
Microbial testing: With medical cannabis growing
in popularity, it’s critical that the product is
free from harmful bacteria that might harm
immunocompromised patients. Most laboratories
use quantitative polymerase chain reaction (qPCR)
analysis to detect microbial contamination. A
filtration step removes plant debris from the
sample. A second filtration step isolates the nucleic
acid. The process uses polymerase chain reactions
to amplify the DNA or RNA characteristic to the
target microbes to detect their presence.
M
 ycotoxin testing: Molds and fungi can release
mycotoxins that are harmful to human health.
After performing a sample filtration step,
laboratories will use UHPLC–MS/MS analysis to
detect mycotoxin presence.
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Incorporating Filter
Plates into Sample
Preparation Workflows
The quality of your cannabis testing
results will largely depend on the quality
of the samples. Filtration is essential in
preparing diluted cannabis samples for
high performance liquid chromatography (HPLC) and LC–MS analysis. The
filter removes particulates and buffers
that can sub-optimize results.
In a typical cannabis sample preparation workflow, the plant is ground up
and washed with a solvent or organic solution. The solution is then filtered
through individual membrane filters.
To speed up this workflow, samples can
be placed in a 24-well filter plate. While
a 24-well plate is ideal due to its larger well, a 96-well filter plate also can be
used. This filtration step screens out the
plant material to provide a clean sample.
At this point, specific buffers or extraction agents are added to the sample, depending upon the testing protocol. A final filtration step is required to clarify
the sample for analysis by the HPLC or
LC–MS instrument. Here, 96-well filter
plates with wwPTFE membranes can enable significantly faster processing. The
wwPTFE is a universal membrane that is
well suited for identifying chemical residues. The membrane has broad chemical
compatibility, resists harsh organics, and
processes a variety of extraction buffers.
This filtration is the final step before the
sample enters the analytical instrument.
For laboratories performing microbial testing, sample preparation plays
an important role in the quality of results. The goal in these tests is to identify yeast or bacteria that would be a
microbial contaminant. After grinding or washing the plant, a 30–40 µm
PP-PE filter would screen out plant debris. As in the analytical sample preparation workflow, a 24-well filter plate
could be substituted to accelerate processing. Following this step, buffer
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or extraction agents are added to the
sample. The solution is then filtered
again to isolate the nucleic acid (RNA).
For higher throughput, a 96-well nucleic acid binding plate could be used to
separate the RNA. An rt-PCR test follows to identify a specific PCR set that
represents a microbial contaminant.

The Benefits of Incorporating
Filter Plates in Cannabis
Testing Workflows
In conventional cannabis testing,
laboratories would use syringe filters or
spin devices to perform sample filtration
steps. However, as the demand for testing
skyrockets, new processes are needed to
achieve higher throughput. Filter plates
offer an attractive opportunity to accelerate and optimize processing. From grind
to find, totally automated workflows can
be created that process both 24-well and
96-well plate formats on the same line.
Automated systems using filter plates
offer the following benefits:
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•C
 ommon plate footprint: 24-

well and 96-well filter plates
have the same dimensions,
facilitating the implementation
of automated workflows that can
handle both plate formats.

Conclusion
The cannabis testing industry is experiencing extreme growth as more states
legalize the sale of cannabis products
for medicinal and recreational use. This
dramatic growth is driving laboratories to develop testing workflows with
significantly greater throughput and
productivity. The application of 24-well
and 96-well filter plates in automated workflows is producing exciting
advances in cannabis testing processes.
The new filter plates enable faster processing, greater tracking accuracy, and
minimized hold-up volumes offering
laboratories new approaches to fulfill
the growing demand for their services.
Reference

•H
 igher throughput: Filter plates

and automation enable much
faster processing. For example,
a syringe filter processes one
sample at a time, a spin device
filters up to 24 samples at a
time, while a filter plate can
process 96 samples at a time.
•G
 reater tracking accuracy: When
testing products from different
customers and lots, barcoded
filter plates allow precise, errorfree sample tracking.
•L
 ower hold-up volume: Small
sample volumes require a filter
with a small effective filtration
area (EFA) to reduce sample loss.
The 96-well filter plate’s low holdup volume minimizes sample
loss—an important benefit
when laboratories are testing
precious samples in triplicate for
downstream processing.

(1) C
 annabis Testing Services Market Size,
Share & Trends Analysis Report By Service
Type, By End User, By Region (North
America, Europe, Asia Pacific, Latin America,
MEA), and Segment Forecasts, 2020 –
2027, Grand View Research, May 2020.
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spotlight
ANALYTICAL INSTRUMENTS

LIMS SOFTWARE TO STREAMLINE
THE CANNABIS INDUSTRY
AS THE NATION’S
leading LIMS software,
CGM LABDAQ combines
a modern platform with
decades of experience in
laboratory systems.
With offices in 18
countries and customers
in 56 countries worldwide,
CGM is a trusted partner
for the cannabis industry
that is unlike any other.
CGM developers focus
on creating new feature
functionality. Their HL7
and API integration teams
keep your lab connected
to growers, dispensaries,
regulatory bodies, and all the third-party solutions that
are trending in the industry today.
• I nstrument interfaces
•Q
 uality control software
•A
 utomated audit trail
•C
 hain-of-custody tracking

• I ntegrations with Metrc, Confident Cannabis,
QuickBooks®, and more
•P
 ortals to reach dispensaries and growers
Optimize revenue, and reduce turnaround times.
Streamline your lab with CGM LABDAQ.
Connect with CGM to learn more.
Visit cgmcannabis.com or call (800) 359-0911 x 1002.

CGM
cst.us@cgm.com
(800) 359-0911 x 1002
cgmcannabis.com

CGM LABDAQ
Laboratory Information System

ANALYTICAL INSTRUMENTS

Cannabis Profiling

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

THE CHALLENGE
•C
 omplex profiles lead to co-elutions using 1D GC
separation, causing abundances of important
components to be overestimated.
• T he structural similarity of many terpenes and
terpenoids makes them difficult to identify with
confidence.
• L ow confidence in data quality hinders product
development.

cannabissciencetech.com

THE SOLUTION
• I NSIGHT® GC×GC flow modulation resolves co-elutions
between terpenes and terpenoids.
•B
 enchTOF™ mass spectrometers provide reliable
identification of terpenes and other aroma-active
compounds (such as esters).
• T andem Ionisation® for BenchTOF™ simultaneously
acquires both "soft EI" and regular 70 eV mass
spectra, for another dimension of information about
challenging compounds, such as isomers.
•C
 hromCompare+™ software provides fully automated
sample comparisons for easy visualisation of trends
and differences across cannabis strains.
THE BENEFITS
•E
 nhanced confidence: Robust quantitation provides
improved precision in terpene profiling.
•M
 ore analyte detail: Additional information about
isomeric terpenes allows a better understanding of the
product’s composition.
•C
 ompetitive advantage: Improved flavour interpretation
enables innovative product labeling strategies.
SEPSOLVE ANALYTICAL
4 Swan Court, Cygnet Park, Peterborough,
PE7 8GX, UK +44 (0) 1733 669222
chem.sepsolve.com/cannabis
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SERVICES SPOTLIGHT

VIST Labs: Proprietary Mobile
System Delivers Better Cannabis
VIST™ LABS LLC delivers
the industry’s first end-to-end
mobile, pharma-grade science
and technology solution to
screen, purify, and AMAPS package
cannabis to enhance the consumer
experience and improve profitability
for cultivators, processors, and
dispensaries. The VIST proprietary
integrated services include:
•A
 fast and reliable screening system to identify
levels of mold and bacteria present;
•A
 dvanced decontamination technology to kill mold,
yeast and bacteria while preserving terpenes and
cannabinoid levels; and
•A
 septic Modified Atmosphere Packaging (AMAPS) to
safely extend product shelf life.
Services are delivered via customized, temperaturecontrolled vans with all work done in licensed grow and
processing facilities. FRANCHISES NOW AVAILABLE.
VIST LABS

847-598-8805
info@vistlabs.com
1515 E. Woodfield Road,
Suite 740 Schaumburg, IL 60173
MJBiz booth number: C9035
www.vistlabs.com

SERVICES SPOTLIGHT

ASTM Cannabis Standards and
Services: Addressing Quality
Control and Enhancing Safety
THE CANNABIS INDUSTRY is growing – so is the
need for quality assurance and safety standards. Our
comprehensive approach to standards development
allows businesses to improve quality control while also
enhancing safety.
With services
ranging from
training, testing,
and certification
programs to
advisory, sales,
and marketing
solutions, our holistic outlook provides confidence
and credibility for industry stakeholders. ASTM
International Committee D37 on Cannabis includes
1000+ members from 30 countries – experts from all
parts of the industry. Join us and learn more about our
30 published safety standards and 100+ standards in
development, plus certification, training and more.
ASTM

+1.610.832.9732
irmorgan@astm.org
www.astmcannabis.org

CULTIVATION SPOTLIGHT

SERVICES SPOTLIGHT

FDA-Compliant Netting & Trays
INDUSTRIAL NETTING’S INJECTION-MOLDED
drying trays and netting can be used for many
commercial drying applications. Our Cannabis and
Hemp drying trays can be
integrated with any of our
netting to fit your needs.
Tray liner options come in
various colors, hole sizes
and are reusable. Our
trellis support net can be
used indoor and outdoor
during the growing and
production cycle. Trays
come in two sizes of
18”x25.5” and 20.5”x42”
and Trellis net comes in
6-1/4” x 6-1/2” hole sizes
stocked in roll widths of
60” & 120”.

INDUSTRIAL NETTING
1-800-328-8456
info@industrialnetting.net
MJBiz booth number: C6510

www.industrialnetting.com/
cannabis-hemp-processing-net.html
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Laboratory compliance concerns
ATTEND OUR “17025:2017 for Cannabis Testing
Laboratories” training course or work with one of
AWPT’s expert consultants who understand the
latest developments in technology, methods, and
regulatory requirements.

A2LA

301-644-3235
info@a2lawpt.org
a2lawpt.org
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Cannabinoid’s Wingman?

Determination of Flavonoids in Hemp by Reversed-Phase HPLC

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

7

3. Vitexin
7. Kaempferol

Column Information
Packing Material

PRP-1, 5 µm

P/N

79444

Chromatographic Conditions
Gradient

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

Temperature

35 °C

Injection Volume

5 µL

Detection

UV at 360 nm

Dimensions

150 x 4.1 mm

Eluent A

10 mM Formic Acid

Eluent B

Tetrahydrofuran

Flow Rate

1.0 mL/min.

1)
2)
3)
4)

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

For more information on Hamilton HPLC columns
and accessories or to order a product, please visit
www.hamiltoncompany.com or call (800) 648-5950
in the US or +40-356-635-055 in Europe.

FULLY

AUTOMATIC
20 Liters

Truffly made
Automatic
Confectionery
Depositor

NEW!
2021
•Deposits 5000-7000
gummies hourly
•10 pistons
•Touch screen
operated
•Contact:
info@trufflymade.com

The Trufﬂy Made, Candy Depositor For
Gummies, Caramel, Hard Candy is designed
to remove the burden of ﬁlling multiple cavity
candy molds while increasing the accuracy
and uniformity of ﬁlling each mold. It works
with both low heat confectionery ingredients
such as chocolate and ganache, as well as
high heat candy ingredients such as caramel,
gummies and hard candy.
See us at MJBiz Con Booth C8235

www.trufflymade.com Telephone: (+1) 619 500 3102

