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cannabis news focus
Tilray Medical Cannabis Product Shows
Promising Results on Chemotherapy
Side Effects
By: Madeline Colli

TILR AY, INC., A Canadian-based
pharmaceutical and cannabis
company focused on cannabis
research, production, cultivation,
and distribution announced that
Australian researchers published
preliminary results showing that
one of the company’s good manufacturing practice (GMP) products revealed a reduction in nausea and vomiting seen in cancer
patients undergoing chemotherapy (1,2). These findings are part
of the world’s first clinical trial using cannabis called CannabisCINV, which aims to determine
if an anti-emetic regimen incorporating oral tetrahydrocannabinol (THC)/cannabidiol (CBD)
is more effective than a guideline-consistent anti-emetic regimen for the secondary prevention of chemotherapy-induced
nausea and vomiting (CINV), during three consecutive cycles of
chemotherapy (2,3).
The study’s results were published in the Annals of Oncology (4), demonstrating significant improvement in the control
of chemotherapy-induced nausea and vomiting. A quarter of the
patients in this trial that were using medicinal cannabis responded with no vomiting and nausea. These results are promising
when compared to 14% of the patients who were given a placebo.
The first phase of the study took
place over 2.5 years, enrolling 81
participants. For individuals to
be included in the study, patients
had to previously been suffering
from vomiting and nausea during

8

their chemotherapy treatments
despite being prescribed nausea
prevention medication.
“The side-effects associated with
chemotherapy are some of the primary causes of treatment discontinuation, so improving the control of nausea and vomiting can
not only improve the quality of life
of patients, by allowing those affected by cancer to complete their
treatment it can also potentially save lives,” said Philippe Lucas,
Vice President of Global Patient Research and Access at Tilray (1).
Although some side effects
from chemotherapy were reduced
others—including sedation, dizziness, and drowsiness—were
still rated from moderate to severe in about one third of individuals using medicinal cannabis,
but researchers considered these
symptoms manageable.
“The trial will now move to a
larger phase to determine with
much more certainty how effective
medicinal cannabis is and whether
it should be considered for use in
routine cancer care,” said Grimison.
To read the full news piece on this
subject, please visit https://www.
cannabissciencetech.com/view/tilraymedical-cannabis-product-showspromising-results-on-chemotherapy-sideeffects.
REFERENCES
(1) https://finance.yahoo.com/news/tilraymedical-cannabis-product-shows-090000211.html
(2) https://ctc.usyd.edu.au/news-events/
news/latest-news/cannabistrialresults/
(3) https://ctc.usyd.edu.au/our-work/
research-divisions/cancer/cancer-divisions/
other-research/open-trials/cannabiscinv/
(4) https://www.annalsofoncology.org/article/
S0923-7534%2820%2939996-8/fulltext
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Cannabis Science and
Technology ® Announces Agenda
for First Hemp Science &
Technology Virtual Symposium
By: Megan L’Heureux

CANNABIS SCIENCE AND TECHNOLOGY® is excited
to announce the lineup of speakers for its first
Hemp Science & Technology Virtual Symposium.
Organized by program chair Brian C. Smith, PhD,
founder, CEO, and chief technical officer of Big
Sur Scientific, the symposium will feature talks
from the following speakers:
•P
 atricia Atkins, SPEX CertiPrep, “Is that My
Sample? Understanding the Effects of Growing
Conditions on Targeted Cannabis Compounds
and Representative Sampling.”
• Paul Lessard, PhD, Varin Science, “Principles
and Best Practices for Hemp Extraction.”
• John MacKay, PhD, Synergistics Associates,
“How Solvent Choice Affects Extract Composition.”
• L arry Smart, College of Agriculture and Life
Sciences, Cornell University, “The Connection
Between Hemp Genetics and Hemp Grows.”
•B
 rian C. Smith, PhD, “The Importance of
In-House Testing for Hemp Businesses.”
•S
 haren Stamp, Big Sur Scientific, “How
Healthy Soils Make Healthy Plants.”
• J ason Strull, MS, 374 Labs, “The Importance of
Heavy Metals Testing.”
•M
 att Weschler, Peak City CBD, “How In-House
Testing Helps Extraction Businesses.”
• J osh Wurzer, SC Laboratories, “Overcoming
Challenges in Pesticide Testing of Hemp.”
The two-day virtual symposium will take
place October 28–29, 2020 and is free to attend.
The talks will be organized into three sessions:
• Session 1: New Developments in Hemp
Testing, October 28, 10:00 a.m.–12:00 p.m. EDT
•S
 ession 2: Optimizing Hemp Extractions,
October 28, 1:00–3:00 p.m. EDT
•S
 ession 3: Overcoming Hemp Growing
Challenges, October 29, 10:00 a.m.–12:00 p.m.
The end of each session will feature a panel discussion
with all of the speakers. For more information and to
register, please visit https://www.cannabissciencetech.com/
cst_w/hemp_science_virtual_summit.
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cannabis analysis

The FDA is Coming…Will the
Cannabis Industry Be Ready? Part I
By Brian C. Smith

The United States Food and Drug Administration (FDA) plans to further
regulate the cannabis industry (1), specifically cannabidiol (CBD) products.
These regulations will undoubtedly reflect how the FDA currently regulates
pharmaceutical and nutritional supplement products. Is FDA oversight
necessary? What is the current state of the industry with respect to
anticipated regulations? What does FDA oversight mean for cannabis
businesses and the industry as a whole? In this, the first of a two-part
series, I will give my view on the need for FDA involvement in our industry,
and discuss the current state of things. In Part II, to be published in the
next issue, I will discuss the specifics of what FDA regulation will mean for
cannabis businesses.

T

he Federal Food, Drug, and Cosmetics Act, passed by the United States Congress in 1938, gives
the US Food and Drug Administration (FDA) the power to regulate
the manufacture and sale of food, medicines, and cosmetics (2). The act was
passed to protect the public from things
such as dangerous patent medicines and
tainted food. In essence, the FDA regulates any product that goes into or onto
a human being. These products undergo greater scrutiny than others because
of their potential to cause harm to us if
not made properly. There is also an economic aspect to FDA regulation; people
should get what they pay for.
The regulatory goal for the manufacture of medicines is that they be “safe
and effective” (2). The first burden, safety, is always the minimum standard, part
of the “above all else do no harm” idea
enshrined in the Hippocratic Oath (3).
The second burden, efficacy, is defined
as (4): “Capacity for producing a desired result or effect.” This simply means
that the drug must treat the disease for
which it is being used.
The FDA has already approved the use
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of a cannabidiol (CBD)-based medicine
called Epidiolex for treatment of certain
types of epilepsy (5). This cannabis medicine is one of the first to undergo the
rigors of the FDA’s drug approval process and come out the other side with the
stamp of approval. This is the best proof
yet that cannabis truly is medicine.
The challenge we face now is there's
one CBD medicine with FDA approval, but thousands of companies are selling CBD containing products without
FDA approval. This situation is—to the
best of my knowledge—unprecedented;
that an active pharmaceutical ingredient is made available to the general public before FDA approval. In a sense then,
the horse is out of the barn. How does
the FDA go about regulating an industry
that has sprinted ahead of it in terms of
product development and sales?

Important
Questions to Consider
Is FDA Regulation of the
Cannabis Industry Necessary?

At the Federal level, cannabis products
with 0.3 weight percent or less total
tetrahydrocannabinol (THC) are legal,

cannabis science and technology ®  |   vol 3. no. 8

but anything above this is illegal (6,7).
States such as California and Colorado
have full legalization of cannabis, other
states allow some cannabis products
but not others, and still others ban
all cannabis products (8). This means
there are numerous, overlapping, and
competing sets of regulations the
cannabis industry must comply with.
This uneven regulatory landscape is
a financial and logistical burden for
cannabis businesses, particularly ones
doing business in multiple states. An
argument for FDA regulation is that
with one overarching regulatory body
there will hopefully be only one set
of regulations all cannabis businesses
must abide by, reducing the time and
cost needed to comply with those regulations, hopefully boosting profitability.
I have been a longtime advocate that
cannabis is medicine and that it should
be tested like medicine (9). FDA regulation will require more and better testing at all steps in the cannabis product supply chain. My own work
consulting with extractors has shown
that implementation of in-house testing and quality control programs,
though not necessarily cheap, reaps big
benefits by increasing the control and
understanding of manufacturing processes so more product can be made
with less input, maximizing safety,
quality, productivity, and profits. Believe or not, more regulation can lead
to bigger not smaller profits.

What is the current state of
industry compliance with
potential FDA regulations?

I have been involved in the cannabis
cannabissciencetech.com

analytical

industry since it first became legal in
Colorado in 2014. I have developed
cannabis testing methods, sold equipment to cannabis businesses, worked as a
laboratory director for an extractor, and
now consult for cannabis businesses. I
have visited dozens of cannabis businesses across the country including farms, extractors, and dispensaries. My firsthand
observation is that the current state of
the industry's compliance with potential
FDA regulations is mixed at best.
I have seen cannabis businesses that
are familiar with FDA regulations and
are making a good faith effort to abide
by these rules. But I have also seen true
horror stories. I see people jumping into
growing cannabis with no idea what
strains to grow, how to prepare the soil,
manage pests, or know when to harvest.
I have seen extractors with no process
control programs in place who have no
understanding of what they are making,
how they made it, and are unable to make
the same thing twice. I see dispensaries
selling products with completely different potency than claimed on the label
(10). I see sectors of the industry refuse
to listen to any arguments for the expansion of in-house testing and other regulations. I have had cannabis company executives say to me with a straight face that,
“We don’t need to do in-house testing,
the state takes care of that for us.”
One reason the FDA is taking a closer look at our industry is the extent
of the product mislabeling problem. A
recent report the FDA sent to the US
Congress found a disturbing number
of CBD products contain significantly less CBD than stated on their label,
and some contained no CBD at all (11).
This problem has been previously documented (12). This means cannabis patients are not getting the correct dose
of medicine.
What would happen if something like
this occurred in the pharmaceutical industry? Imagine the Dewey, Cheatham,
and Howe (13) pharmaceutical company sold 100,000 antibiotic tablets that
cannabissciencetech.com

/
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“FDA regulation would
standardize manufacture,
testing, and labeling of
cannabis products and would
go a long way towards solving
the mislabeling problem.”
contained no antibiotic. Doctors would
prescribe these pills in good faith, but
their patients would not get better, instead getting sicker or possibly die
since they are not receiving any medicine. Once it was discovered the pills
were fake, imagine the bad press and
billions of dollars in lawsuits that would
be filed. The company would probably
be shut down, and company executives
may go to jail. We as a society do not
tolerate this situation, which is why the
FDA exists. And yet every day cannabis
patients are taking medicine with the
wrong dose of CBD in it. This threatens the health of our most important
asset, our customers, and damages the
credibility of our industry. The extent
of this problem indicates to me that the
current regulatory regime is not working. FDA regulation would standardize manufacture, testing, and labeling
of cannabis products and would go a
long way towards solving the mislabeling problem.
Besides the public health threat
from mislabeling, there’s the economic threat as well. When people buy mislabeled CBD products they are not getting what they are paying for. If you
bought a carton of milk at the grocery
store and found upon getting it home
it was half full would you be happy?
Of course not. You would march right
back to the grocery store with the offending carton in hand and ask for a refund. If this situation occurred regularly the grocery store may start losing
customers. And yet people are buying

CBD products with less than the stated
potency on a regular basis. If we don’t
tolerate this type of rip off in our own
lives, why do we tolerate it in our industry? Since the current regulatory regime has failed to solve this problem, I
believe oversight by the FDA is needed.
Another problem the FDA can help
with is inter-laboratory error. This is
the well documented problem where
third party cannabis laboratories obtain
significantly different results on the
same samples (14–16). There are a number of causes for this problem including lack of standard analytical methods,
lack of standard reference materials,
and lack of training (15). At the moment, individual states are tasked with
licensing third party cannabis laboratories, and many of these laboratories are
certified by the International Standards
Organization (ISO). This level of regulation is not working. In a study by myself and others published in this journal
(14), distillate samples sent to five different state licensed, ISO certified laboratories returned THC values from
77% to 94%. This is unacceptable. FDA
oversight will help with this problem
by implementing the development of
standard methods, standard reference
materials, and training regimens.
There are numerous organizations
working on developing standard cannabis analysis methods, including the
American Herbal Products Association
(AHPA) (17), American Society for Testing Materials (18), AOAC International (19), the United States Pharmacopeia
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(USP) (20), and the National Institutes
of Standards and Technology (NIST)
(21). The work of these organizations is
important, and I admire them for doing
it. A problem I forsee is with so many
organizations involved a number of different standard methods may be developed. From draft methods I have seen
I find differences in proposed methods
between these groups. We really need
one agreed upon analytical method, or
some kind of oversight to harmonize
these methods with each other. The
FDA can do that for us.

What Level of Regulation is
Needed: Medicine or Dietary
Supplement?

There are two levels of FDA regulation
that cannabis products could be placed
under—medicines or dietary supplements. Both types of regulation are
stringent, but medicines must jump over
a higher regulatory bar than dietary supplements to get to market. So, which of
these levels of regulation are appropriate
for the cannabis industry?
For decades, a large part of the justification for cannabis legalization is
that it is medicine. I believe a reason
the general public who are not recreational cannabis users have bought
into cannabis legalization is that we
believe it is medicine and that people
should have access to the medicinal
benefits of cannabis. If we are going to
claim cannabis is a medicine we must
be consistent and ask that it be regulated like medicine.
There are people in this industry
trying to push for cannabis to be regulated as a dietary supplement. From
an economic point of view that makes
sense, it will be cheaper and easier to
abide by dietary supplement regulations than medicinal ones. However,
the main argument for cannabis legalization was that it is a medicine. We
cannot now argue that cannabis is not
a medicine, but a dietary supplement.
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If the general public is to believe we
are a legitimate industry, we must give
them a clear message as to why cannabis should be legal. Going back on
what we said to gain legalization will
not help our cause.

(9) B .C. Smith, Cannabis Science and
Technology 2(4), 12–14 (2019).
(10) h ttps://hempindustrydaily.com/wp-content/
uploads/2020/07/CBD-MarketplaceSampling_RTC_FY20_Final.pdf.
(11) www.bigsurscientific.com.
(12) M .O. Bonn-Miller, M.J.E. Loflin, B.F.

Conclusions

Thomas, J.P. Marcu, T. Hyke, and

It is in everyone’s best interest to
maintain as positive a public image
as possible for the cannabis industry.
The problems I have discussed above
all damage our industry's reputation,
resulting in lost sales and roadblocks
to further legalization. The American
public will not get behind us unless we
can convince them that we can, as an
industry, provide them with safe and
effective medicines on a consistent
basis. The current regulatory regime
is clearly not giving us this outcome.
FDA regulation will help the cannabis
industry do a better job of making
medicines and improve our public
image, which will lead to a growing and
prospering industry. FDA regulation is
the right and profitable thing to do.

R. Vandrey, Journal of the American
Medical Association 318, 1708 (2017).
(13) h ttps://en.wikipedia.org/wiki/
Dewey,_Cheatem_%26_Howe.
(14) B .C. Smith, P. Lessard, and R.
Pearson, Cannabis Science and
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(15) B .C. Smith, Cannabis Science and
Technology 2(2), 12-17 (2019).
(16) B .C. Smith, Cannabis Science and
Technology 2(3), 10-14 (2019.
(17) www.ahpa.org.
(18) h ttps://www.astm.org/
COMMITTEE/D37.htm.
(19) h ttps://www.aoac.org/
scientific-solutions/casp/.
(20) h ttps://www.usp.org/sites/default/files/
usp/document/about/public-policy/201907-05-comment-from-usp-cannabis.pdf.
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HVACD Controls for Plant Health,
Product Quality, and Energy Efficiency
in Cultivation and Drying Processes
By Gretchen Schimelpfenig

Cultivating and drying cannabis involves maintaining target environmental conditions for optimal plant health and
product quality, but growers using diverse heating, ventilation, air conditioning, and dehumidification (HVACD)
systems experience different challenges with achieving and keeping spaces within target ranges. Infrastructure used
to control these HVACD systems (HVACD controls) can vary in level of sophistication, which can affect plant growth
and yield during cultivation, and flower aroma and appearance while product is drying and curing. Understand how
building construction, HVACD equipment, and controls setpoints can affect your crop and operating expenses and
learn tips about monitoring environmental conditions to further improve yields.

M

aintaining target environmental conditions while you cultivate, dry, and cure cannabis
is critical to ensuring optimal
plant health and product quality. As
cannabis grows, transpiration and yield
can be maximized using heating, ventilation, air conditioning, and dehumidification (HVACD) equipment to control
temperature and humidity. Likewise, as
cannabis is dried and cured, to speed
up the process while preserving terpene
and tetrahydrocannabinol (THC) content, aroma, and appearance, you can
maintain target conditions using diverse types of HVACD equipment.
You can use simple and sophisticated HVACD systems with varying levels of success. In this column, we explore your options for equipment and
controls, how selection of temperature
and humidity targets can affect your
crop and operating expenses, and how
monitoring environmental conditions
can further improve yields.

Speaking the
Same Language
To discuss the characteristics of HVACD
systems, it is useful to understand the
key terms related to heating, cooling,
air conditioning, and dehumidification
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in cultivation facilities, their units of
measurement and how they are used,
why the terms are important to consider
as a cultivator, and how the terms may be
commonly misunderstood or misapplied.
As a non-profit advocacy organization, Resource Innovation Institute
(RII) cultivates resource efficiency for
a better agricultural future, and part of
their mission includes providing objective, brand-agnostic education to the
cannabis industry. In 2019, after a collaborative process involving 25 expert
contributors and 29 peer reviewers, RII
published two Best Practices Guides including HVAC for Cannabis Cultivation
and Controlled Environment Agriculture
(1). Download the free guide to learn
standardized terms and definitions for
HVACD systems; assembling effective
project teams; how to review manufacturers’ literature; crucial considerations
when selecting equipment; and how to
install and operate successful HVACD
solutions in alignment with business
models. RII's goal is to empower cultivators to achieve greater operational efficiencies in their cannabis business.

Capabilities of
HVACD Systems
There are many ways to manage the
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heat and moisture you want to remove
from your growing, drying, and curing
spaces of your greenhouse or indoor
cultivation facility. The capability of
your HVACD equipment to meet and
maintain your target environmental
conditions will vary depending on the
building in which you grow, dry, and
cure, the HVACD systems you choose,
and the way you control them.

HVACD Controls
Approaches for Cultivation

Greenhouses and indoor facilities
involve different kinds of building construction. Infiltration—the intrusion of
outdoor air inside buildings—is higher
in ventilated greenhouses and lower in
sealed greenhouses and indoor cannabis
cultivation operations. Higher infiltration makes most greenhouses more
sensitive to outdoor temperatures and
humidity levels. Differences in building
construction lead to different HVACD
equipment being used in the two major
types of cannabis cultivation approaches.
Cultivators experience different
challenges with achieving and keeping
spaces within target ranges when using different HVACD systems to maintain environmental conditions during cultivation and drying processes.
cannabissciencetech.com
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health and avoid crop loss. Without more advanced HVACD
controls systems, ventilated greenhouses struggle to achieve
target environmental conditions (3).

HVACD Equipment and Controls
in Indoor Facilities and Sealed Greenhouses

In indoor cultivation spaces and high-performance greenhouses with low levels of infiltration, you have a greater
capability of controlling temperature and humidity with more
complex and sophisticated HVACD equipment.
Indoor operations can use split direct expansion systems,
electric and gas-fired chillers, geothermal systems, standalone portable dehumidifiers, de-coupled centralized desiccant systems, and integrated HVAC and dehumidification systems. You may choose to control humidity separately
from temperature, or can manage both simultaneously for
zones of grow rooms or your entire building using an integrated HVACD system.
HVACD systems for indoor cannabis cultivation are often
controlled with automation systems that are more capable
of balancing and meeting loads of your spaces and can offer
a higher degree of environmental control than the simpler
equipment used in greenhouses. Since your building is less
sensitive to ambient temperature and humidity levels, your
HVACD equipment is also more capable of achieving target
environmental conditions.

HVACD Approaches for Drying and Curing
Infrastructure used to control these HVACD systems can
vary in level of sophistication, which can affect plant growth
and yield during cultivation, and flower aroma and appearance while product is drying and curing.

HVACD Equipment and
Controls in Ventilated Greenhouses

In greenhouses with high levels of infiltration, HVACD
equipment for controlling temperature and humidity can be
simple. In colder climates, greenhouses use mostly fuel-based
hydronic (water-based) or convective (air-based) heating
systems (2). To cool greenhouses, end wall ventilation fans
and roof vents can be operated in stages, and you might have
evaporative cooling wall systems installed on the opposite
wall of ventilation fans for more cooling capacity. Dehumidification equipment is not commonly employed, and you might
use ventilation equipment or roof vents to reduce humidity.
In many ventilated greenhouses, ventilation and cooling
systems are operated manually. You can use automation systems to monitor environmental conditions and operate fans,
roof vents, and cooling equipment in stages to improve plant
cannabissciencetech.com

Cannabis can be dried in several kinds of buildings, including
barns, greenhouses, and indoor facilities. Infiltration is higher
in barns and greenhouses, and lower in indoor cannabis
drying operations. The common approaches to drying can be
categorized in three process categories: ambient, heating, and
dehumidification. Differences in building construction, final
cannabis product, and desired drying time lead to different
HVACD equipment being used in drying operations.

Ambient Equipment and
Controls for Drying and Curing

In barns and greenhouses with high levels of infiltration, you
can hang your cannabis flower in a barn or lay it out on greenhouse benches to dry using the outdoor air. Fans for ventilation and circulation of air may be the only HVACD equipment
you employ to move moisture out of your drying shed.
Ambient approaches to drying and curing are more sensitive to changes in outdoor conditions. Daily temperature
and humidity fluctuations can impact drying time and product quality without thoughtful air circulation and ventilation to achieve and maintain target environmental conditions
throughout the drying process.
october 2020   |   cannabis science and technology ®
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“To make informed decisions,
monitor environmental
conditions in your existing
cultivation and drying areas
to determine your current
operating procedure.”
Heating Equipment and
Controls for Drying and Curing

You may choose to use heated air to dry
your cannabis. Heated drying equipment like plenum or rotary driers can
use a variety of fuel sources and be
sized to fit your harvest. These systems
can be packaged tobacco driers or custom-built on-site for cannabis drying.
These systems also can offer electronic environmental setpoints so
you can choose higher drying temperatures for quicker drying times, or
modulate to lower temperature setpoints to avoid damaging trichomes
or affecting appearance.

Dehumidification Equipment and
Controls for Drying and Curing

Indoor facilities with low levels of
infiltration might use equipment with a
refrigeration cycle, such as dehumidifiers or heat pumps, to remove moisture
from drying rooms. These systems cool
air to remove moisture and some heat
pump systems can be reversed to heat
or cool depending on the application.
Dehumidification systems can offer
more sophisticated environmental control at lower temperatures than heated
drying equipment that may be desired
for craft cannabis curing processes.

Choosing and
Monitoring Target
Environmental Conditions
Greenhouses and indoor facilities pose
different challenges to achieving target
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conditions due to differences in infiltration, HVACD equipment employed, and
sophistication of HVACD controls.
How you use the types of HVACD
systems serving your cannabis operation matters. Whether you grow or dry
cannabis in a greenhouse or indoors,
the targets you choose for environmental conditions in grow rooms and
drying areas can affect your crop and
operating expenses. Resource efficiency has a direct impact on your profit and only the best operators will survive in this competitive market (4).
When considering target environmental setpoints for temperature and
humidity, think about how much energy
you would like to use to produce your
cannabis, and how quickly you would
like to get things done. Choosing low
temperature and humidity setpoints
for cultivation can result in higher capital and operating costs as your HVACD
equipment must be sized larger to handle your standard operating procedures
and also uses more power and runs
more often to meet your desired conditions. Similarly, choosing very high or
very low temperatures to remove humidity from cannabis flower during
drying and curing can also impact energy costs (5).
To make informed decisions, monitor environmental conditions in your
existing cultivation and drying areas to determine your current operating procedure. Understanding how
your rooms currently run will help you
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make adjustments to more energy-efficient setpoints. To track ranges of chosen setpoints and also measure yourself against your competition, consider
benchmarking your energy consumption and cannabis production with
a purpose-built tool for cultivation
such as RII's Cannabis PowerScore (6)
to evaluate how harvest count, flower yields, and production efficiency
change over time as you tweak your
environmental setpoints.
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(1) h ttps://resourceinnovation.org/
resources/#published-studies.
(2) h ttps://assets.bouldercounty.org/
wp-content/uploads/2020/05/
EIOF-BC-Cultivation-AssessmentSummary-Report_Final-5_4_20.pdf.
(3) h ttps://www.cannabisbusinesstimes.
com/article/the-carbon-emissionimpacts-of-greenhouse-cultivation/.
(4) h ttps://www.cannabisbusinesstimes.
com/article/energy-efficient-cultivationcannabis-resource-innovation-institute/.
(5) h ttp://magazine.cannabisbusinesstimes.
com/article/june-2020/coy-approachhvac-balancing-grow-environmentcapex-opex-yield.aspx.
(6) https://cannabispowerscore.org/.

GRETCHEN SCHIMELPFENIG,
PE, is the Technical Director
of Resource Innovation
Institute (RII) and manages
the organization’s Technical
Advisory Council. She is a
professional engineer in
California and Vermont, a home cultivator,
and an energy efficiency expert. She authored
the RII Best Practices Guides on HVAC and
LED Lighting for Cannabis Cultivation and
Controlled Environment Agriculture.
cannabissciencetech.com

Separation of Eight Cannabinoids
With the recent legalization of both medicinal and recreational marijuana in the United States, analysis
of individual cannabinoids has captured the public’s interest at a new level. As such, many new cannabis
products are now available, i.e., edibles, vaporizers, and extracts to name a few. The increased marketability
of the product has incited consumers to take a greater interest in the quality and craft ability of the products
being sold. Through the quantification of individual cannabinoids, the consumer can make an informed
decision about the possible effects they could expect from the products they purchase. Therefore, the
need for accurate, robust, and affordable analysis tools are of the upmost importance.
With health, safety, and edibles dosing as the primary motivation, Hamilton Company developed
an HPLC method that isolates eight major cannabinoids. The HxSil C18 (3 µm) column provides
an accurate, cost effective, and robust solution that can be used in any HPLC system.
Column Information
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HxSil, 3 µm

Part Number

79641

Separation of Eight Cannabinoids
6

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

Temperature

Ambient

Injection Volume

5 μL

Detection

UV at 230

Dimensions

150 x 4.6 mm

Eluent A

20 mM NH 4 COOH pH 3.5

Eluent B

Acetonitrile

Flow Rate

1.0 mL/min

3
2
1

30

4
mAU

Gradient

40

5

20

7

8

10

0
2

3

4

5

6

7

8

9

Time (minutes)
Compounds:
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2: Cannabidiol (CBD)
3: Cannabidiolic Acid (CBDA)
4: Cannabigerolic Acid (CBGA)

5: Cannabigerol (CBG)
6: Cannabinol (CBN)
7: ∆-9-Tetrahydrocannabinol (∆-9-THC)
8: ∆-9-Tetrahydrocannabinolic Acid
(∆-9-THCA)
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Keeping Up-to-Date with Safety:
A Look at PPE and Cleaning
for Safety in the Laboratory
By Patricia Atkins

During times of the COVID-19 pandemic, many laboratories are continuing to operate. Cannabis laboratories
which are still operating face the same issues of safety and protection as the rest of the world’s laboratories. In this
column’s edition, we will take an in depth look at the most common personal protective equipment in laboratories as
well as cleaning procedures that can be enhanced to increase the safety of the laboratory personnel.

M

ost laboratory personnel are
familiar with common laboratory personal protective equipment (PPE), but
there are some differences in equipment and use that one often takes
for granted as correct. There are different uses for each type of PPE and
different ratings for equipment such
as masks, respirators, gloves, and so
forth that are dependent on the function they are intended for in the laboratory. There are some specialized
PPEs that are only used in specific settings, which tend to benefit the
laboratory’s clean setting rather than
the laboratory technician.

Protecting Your Eyes
Safety glasses, googles, and face shields
protect the eyes of the wearer from a
variety of substances, projectiles, biological agents, and other ocular dangers.
Every day, about 2000 workers sustain
eye injuries on the job and more than
half are because of improper or lack of
eye protection (1). Eye safety standards
are dictated by several organizations
including Occupational Safety and Health
Administration (OSHA) and American
National Standards Institute (ANSI).
Safety glasses are one of the most
common eye protectors in the laboratory. These glasses should fit properly
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and have side shields in laboratories
where projectiles or splashing is possible. OSHA requires safety glasses provide protection from hazards for which
they are designed and can be disinfected. There are different classes of safety
glasses and goggles with different ratings depending on their purpose and
level of protection. All safety eyewear
must withstand various impact tests
and are rated as either high impact or
basic impact.
Basic impact ratings are determined
by a “drop ball” test where a 1-in. diameter steel ball is dropped from 50 ft.
onto the lens. High impact ratings are
performed by shooting a ¼-in. steel
ball at the lens at a speed of 150 ft/s.
These high impact glasses have a “+”
marking imprinted with the manufacturer’s trademark on the glasses; where
basic impact glasses lack the “+” marking. ANSI ratings designate “+” as impact rated glasses and the unmarked
variety as nonimpact rated (Table I).
Safety glasses can have a variety of
different colored lenses, shading, and
coatings appropriate to their application. Shaded lenses can help protect
eyesight from bright light exposure
from activities such as soldering, welding, and ampule sealing. The primary
composition of safety glasses are plastics, such as polycarbonate.
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Safety glasses only protect the wearer from flying particles and small debris or splashing. In laboratories where
there are possible exposures to chemical fumes, gases, vapors, large splashes, or biological hazards, more protection is needed in the form of goggles,
face shields, or full face respirators.
Goggles are the next level of eye protection in the laboratory. They provide more protection from chemical
and physical exposure than laboratory safety glasses. There are three basic
types of goggles: direct vented goggles,
indirect vented goggles, and nonvented
goggles (Figure 1).
The first type of goggles (direct
vented) allows free flow of air through
the goggles with openings in the vented areas that are smaller than 1.5 mm.
This type of goggle does not fully protect against vapors, biologicals, or
splashes in the laboratory.
Indirect goggles have covered vents
so there is no direct straight passage of
air or hazards from the outside of the
goggle to the inside. This type of configuration limits exposure from liquid
splashes, but not from fumes, gases, or
airborne biological agents.
The final type of goggles is nonvented goggles that have no passage or vent
through the goggle in which the wearer
can be exposed to vapors, chemicals,
cannabissciencetech.com
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Figure 1: Examples of eye protection.

Table I: ANSI markings on safety glasses and goggles (2)
Type

Description

Impact

Impact Rated Plano or Non-prescription

Z87+

Impact Rated Prescription

Z87-2+

Plano

Z87

Prescription

Z87-2

Splash/Droplet

D3

Dust

D4

Fine Dust

D5

Non-Impact
Use

and biological agents. These types of
goggles may or may not be gas-proof
depending on material and rating. The
primary component materials for goggles are combinations of polymers such
as polycarbonate, polyvinyl chloride,
and so on.
Another type of eye and face protection is a face shield. Face shields have
become a point of discussion and debate during the COVID-19 pandemic. A
face shield is a physical barrier to protect people from hazards such as projectiles, molten metals, and many forms of
chemicals and chemical reactions. Face
shields are intended for use in conjunction with glasses or goggles. Face shields
do not offer protection from airborne biological contaminants, airborne mists,
vapors, or gases. The Centers for Disease
Control and Prevention (CDC) does not
cannabissciencetech.com

Marking

recommend the use of face shields as a
replacement for masks.
As in the case of safety glasses and
goggles, most face shields are made
from plastics. The material selected for
the face shield and other face and eye
protection equipment must be examined for its chemical and physical characteristics to determine if it is suitable
for different laboratory uses. Protective
face and eyewear also must be properly
fitted to provide optimal protection.

Face and
Respiratory Protection
Respirator face masks and face shields
cover different parts of the face but
generally cover the mouth and nose.
Face shields offer the least amount of
respiratory protection since they are
only physical barriers to splashes and

respiratory expulsions directed at the
face. Face masks offer some level of
respiratory protection depending on
the material, type, and specifications of
the mask.
In the current pandemic, many
types of face masks have become commonplace to protect against respiratory spread of the virus, but recent studies by Fischer and colleagues have
shown significant differences on disease transmission based on the material and type of face mask (3). The most
efficient masks were fitted N95 masks
(trap up to 95% of particles) and surgical masks in relative droplet count.
The highest droplet counts were found
when either not wearing a mask or
wearing a bandana or neck gaiter type
of face covering. Face masks can be a
tool for the filtration of particles depending on their rating. Fitted face
masks are very different from the surgical masks and cloth masks being seen
in pictures during this outbreak. All of
the world organizations warn that a generic face mask is not a substitute for a
fitted and regulated face mask or respirator. The question comes up regarding
the differences between these masks
and respirators. The answer is the level
of protection and intended use.
Cloth masks have been recommended by the CDC to prevent the spread of

october 2020   |   cannabis science and technology ®

19

navigating the lab

/

analytical

Table II: Medical and surgical mask protection levels from ASTM (5)
ASTM F2100-11
Levels

Protection
Level

Fluid
Resistance to
penetration
(mm Hg)

Differential
Pressure
(Breathability)
(mm H20/cm2)

Bacterial
Filtration
Efficiency
(@ 3 µm)

Sub-micron
Particulate
Filtration
Efficiency
(<0.1 µm)

Flammability

ASTM 1862

Mil-M-36954C

ASTM F2101

ASTM F2299

16 CRF part 1610

Level 1

Low

80

<4.0

≥ 95%

≥ 95%

Class 1

Level 2

Moderate

120

<5.0

≥ 98%

≥ 98%

Class 1

Level 3

Maximum

160

<5.0

≥ 98%

≥ 98%

Class 1

Table III: Types of respirators
Particulate
Air-Purifying Respirator Types

Gas and vapor
Combination

Atmosphere-Supplying
Respirator Types

Air supplied (Airline)
Self-contained breathing apparatus (SCBA)
Combination

COVID-19 to others (4). Cloth masks
and coverings are the most basic form
of mask and are not considered to be
personal protective equipment. These
masks do not make a close seal to
the face, are not fitted, and primarily
are meant to protect others from the
wearer of the covering.
Surgical masks or medical masks
are loose-fitting coverings for the
mouth and nose. These types of
masks are intended for medical workers and are often f luid resistant to
prevent some f luid transmission
coming to and from the wearer. Most
surgical masks are not considered to
be a form of respiratory protection
by the CDC. Masks that are tested
under ASTM standards can be classified by filtration efficiency, f luid resistance, differential pressure, and
f lammability. Level 1 masks offer the
lowest amount of protection and level three masks offer the most protection (5) (Table II).
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Fluid resistance measures the resistance of the mask to penetration by
liquids at high velocities with level three
masks having the most protection. Differential pressure or breathability determines airflow through the mask with
level one having the most airflow but
the least protection. Bacterial and particle filtration relate the percent filtration
of bacteria and particles above designated sizes. The flame spread or flammability exposes masks to a flame and
measures time of spread. Class one materials means normal flammability and
can be used as clothing.
Cloth masks, in general, do not provide the wearer with the highest level of
protection but do help contain respiratory droplets. These masks are not true
forms of PPE like respirators or other methods of face protection. Surgical
or medical masks can offer some protection depending on their type and fit.
The more efficient face protections are
the fitted masks and respirators.
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Respirators filter particles, chemicals, and fumes depending on their
specification using filtration chemicals
or materials (Table III). Respirators
are meant to protect the wearer from
these agents and must be properly fitted and tested by a professional to ensure good seal and appropriateness for
use. Respirators can either be designated as single use or as reusable depending upon material and filtration.
In the chemical laboratory, the most
commonly used respirators are either
air-purifying respirators for particles,
gases, or a combination of laboratory
hazards. These respirators can have different levels of coverage from full face
to filtering facepiece respirators (FFRs)
and are rated by OSHA for an Assigned
Protection Factor (APF). The APF of a
facepiece gives the user the reduction of
exposure expected with proper use and
fit. An APF of 10 means the user’s exposure is reduced by 10% or 1/10th the exposure with proper use (6) (Figure 2).
Full facepiece respirators are a reusable respirator that employs cartridges, canisters, or filters and cover the
entire face. The facepiece is made from
a moldable material such as silicone
or rubber that creates a seal with the
face and must be fitted within a safety testing program. The full facepiece
has a full clear plastic lens for eye protection. This respirator covers the face
from the hairline to under the chin.
cannabissciencetech.com
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Figure 2: Different types of protective facepieces: A: filtering facepiece;
B: half facepiece; and C: full facepiece.

The APF for a properly fitted full facepiece is about 50.
A half facepiece respirator is similar
to full facepiece respirators but lack the
eye protection. These respirators lack
the clear lens to protect the eyes and
stop at covering the nose and mouth.
These respirators can have the same
types of filters and canisters found in
full facepieces and the APF for most of
these types of fitted devices is 10.
Filtering facepiece respirators
(FFRs) remove particles from the inhaled airstream or path of the wearer
and can include what we commonly refer to as N95 masks. OSHA defines FFR
as a negative pressure particulate respirator that has an integrated filter as
all or part of the facepiece (7). The letter designation of masks or respirators
refers to whether the item is non-resistant (N), somewhat resistant (R ),
or strongly resistant to oil (P). The
number component determines the
amount of particles filtered by the apparatus. An N95 respirator mask is not
resistant to oil and filters at least 95%
of the airborne particles. A P100 mask
is strongly oil resistant and filters almost 100% (99.97%) of particles. FFRs
form a seal around the user’s face and
cover the mouth and nose, some are
equipped with values. Often, N95 and
other FFRs are disposable but there
cannabissciencetech.com

are some forms that can be cleaned
and reused according to the manufacturer’s directions.
All respirators for proper use and
protection must be fitted and undergo
some form of fit testing to prove there
is an air-tight seal before the masks
or respirators are used. Most fit testing is completed prior to the first use of
the mask, or when there is a change in
type or model of respirator, a physical
change to the person wearing the device, or on an annual basis.
Fit testing can be qualitative or
quantitative. Qualitative fit testing
relies on the senses of the wearer to
subjectively report taste, scent, and
irritation to four test agents: banana
oil, saccharin solution, a bitter solution, and irritant smoke (8). A quantitative fit test uses the same solutions
but asses fit to a numerical response
to measure penetration into the respirator. For more information, refer
to CDC, OSHA, National Institute for
Occupational Safety and Health (NIOSH), and International Organization for Standardization (ISO) guidelines and instructions on selection
and use of respirators and masks.

Protecting the Body:
Gloves and Laboratory Coats
While respirators can be important

/
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tools for some laboratories and face
masks are now part of daily life, it is
more common that chemists and other
laboratory scientists use basic PPE
such as gloves and lab coats in addition
to the goggles and safety glasses. All of
these PPE items are needed for chemical protection but can also be used for
protection against biological agents. As
with face protection, there are different classes of body coverings that are
dependent upon use.
Gloves as well can be made from a
variety of materials which is important
to understand since each type of glove
has its own strengths and weaknesses. Many gloves are subject to issues
of chemical or biological resistance,
meaning not all materials are resistant
to all agents and therefore offer limited protection. The factors in selecting
disposable laboratory gloves are permeation, degradation, and size.
Often laboratory employees don’t
consider the size of a glove to be a factor in their effectiveness or the ability to work. Gloves that are too small
can cause the material to be stretched
too thin and become more permeable
and subject to punctures. Small gloves
can attribute to hand fatigue and irritation from pressure or rub points. Gloves
that are too large can hinder movement
and dexterity, which can cause accidents.
Large gloves can slip off during use and
if there is a rip or tear it may not be noticed because of the extra glove material.
Gloves should be measured using the dominant hand by wrapping
a tape measure to encircle the width
of the hand or using a measurement
from the wrist to the top of the middle finger. The measurement can then
be converted into standard glove sizes or lettered glove sizes depending on the manufacturer (9). Medium
gloves are meant for approximately a
hand width of 8–9-in. with the subsequent sizes measuring up or down
in about 1-in. increments. Medium
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A Q&A

High Yield’s Cannabis
Processing Solutions
Industrial shredders and grinders help cannabis cultivators and
labs stay compliant with cannabis waste disposal regulations.

Joseph E. Boyk
Technical Lead
High Yield Solutions Corp.

CST: From a regulatory standpoint, why
do cannabis cultivators, processors,
and testing labs need to destroy their
cannabis plants? How are parts of
the plant, for instance plant stalks,
considered hazardous?
Boyk: At least 13 states currently have
laws and regulations that require cannabis
waste to be shredded and mixed 50/50
with other materials to make the plant
waste unusable and unrecognizable. This
prevents material that still may contain
trace amounts of tetrahydrocannabinol
(THC) and other chemicals from being
used or consumed by individuals.

CST: What are the biggest hurdles when
it comes to cannabis plant destruction?
Boyk: One of the challenges with processing
cannabis plants is the wide range of plant
sizes, growing mediums, and containers.
Processors not only shred plant waste,
but they often shred all the materials
associated with the growing process.
Large plastic pots, rockwool, coconut,
pallets, cardboard, netting, and tubing are
just a few of the items that shredders need
to handle.

CST: What are the repercussions if
someone in the cannabis industry is
not compliant? How well-known are
these laws?

SPONSORED BY

High Yield Solutions Corp.

Boyk: Repercussions can include fines—
which we’ve seen up to $100,000—or
loss of license for non-compliance. The
requirement to destroy cannabis waste is
clearly defined in the 13 states that require
it; however, in the remaining states that
allow cannabis production, the disposal
process is not clearly defined and often
interpreted very differently among grow
operations.

CST: If someone is non-compliant
with destroying their plant waste,
how much time do they typically have
to change processes and become
complaint?
Boyk: That is dependent on the rules of
each state, but many states don’t allow
any time, which is why we have an expedite
service that ships equipment in as little as
48 hours.

CST: How does High Yield Solutions
help growers stay compliant?
Boyk: We offers both standard and
custom
design
solutions
for
our
customers. We work to understand each
customer’s destruction needs in order
to provide the proper equipment that
will not only handle all the materials their
operation needs to destroy, but also
ensure they are reduced to a size that is
compliant with the regulations set out by

HIGH YIELD’S CANNABIS PROCESSING SOLUTIONS

their state. We build robust equipment that functions
under continuous operation to ensure our customers
remain compliant.

also have contacts with financing companies as well as
consultants throughout the industry to help with placing
equipment.

CST: Can you describe the different programs and
equipment you offer customers?

CST: Can you be more specific about the equipment
you offer your customers?

Boyk: We offer a full line of cannabis processing,

Boyk: We offer a variety of different sized shredders

destruction, and finishing equipment. We have technical
staff who understands the needs of the industry and are
dedicated to providing our customers with long-term
solutions. We listen to our customers’ needs and help
provide equipment and system solutions that keep their
operation moving forward.

in our PlantMuncher™ product line. This ranges from
1-horsepower up to 150 or 250 horsepower. We have a
couple of 80-horsepower machines, and they’re capable
of 13- to 14,000 pounds an hour; our 1 horsepower
shreds approximately 100 pounds an hour. We size our
machines based off the size of your stock, not throughput.
But on top of the shredders, we offer in-feed conveyers,
discharge conveyors, sorting conveyors—really any type
of product movement to-and-from the shredder.

We offer equipment buy-backs for customers who
outgrow their equipment, as well as a service team who
can provide technical support both on- and off-site. We

“

We work to understand each
customer’s destruction needs
in order to provide the proper

Our units can be put on trailers, hooked up to generators,
put on casters, or put on an enclosed stand with a lock
to ensure that the material is secured and only the
appropriate personnel have access to it. We offer a dust
collection system as well.

equipment that will not only
handle all the materials their
operation needs to destroy, but
also ensure they are reduced to
a size that is compliant with the
regulations set out by their state.

Our shredders also have safety features because with
these operations, shredding different materials, our
customers often have concerns that something foreign
will end up in the shredder. One way we can combat this
is with an auto-reversing in-jam detection feature where,
if the machine is working too hard, it will reverse the
object out and try to shred it again. After three attempts,
the machine will shut down to protect the unit.

”

For the marijuana industry, we offer a product line called
HY-Roller to help with pre-rolls. It shreds the buds down to
a desired size—in fact, we worked with one of the biggest
manufacturers of pre-rolls in the United States. HY-Roller
has an interchangeable head. Plus, it’s stainless steel, so
you can clean it between batches. We also do a lot with
hemp processing for size reduction and sortation, and we
work around the rest of the dryers and other destruction
needs from the hemp industry.

High Yield Solutions Corp. is a leading U.S. manufacturer of industrial cannabis shredding and processing equipment.
We have significant experience with cannabis applications paired with a reputation for providing quality equipment that
will stand up to the demands of the industry. We look forward to bringing high-quality equipment to the industry to help
our customers with all their processing equipment needs.
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Table IV: Laboratory gloves and common chemical recommendations (12)
Compound

Latex Neoprene

Butyl

PVC

Nitrile

Hydrochloric acid, 37%
Ammonium hydroxide, 70%
Sodium chloride, 70%
Aromatic hydrocarbons

varies

Methylene chloride
Acetone
Methanol
Ethanol
Isopropanol
■ Not recommended ■ Fair ■ Good ■ Excellent

gloves can accommodate a length of
about 7 3/16-in. Please consult your
glove manufacturer for proper fitting.
In addition to glove size, the chemical compatibility of laboratory
gloves needs to be examined to ensure proper protection. Some gloves
and other protective clothing, tested by ASTM or ANSI methods can
be given a rating for chemical degradation and permeation. Degradation testing measures the effect of
a chemical on the glove material as
a percent weight change of the material. A percentage change of more
than 30–40% in most cases is considered to be poor or not recommended
for use with that chemical (10). Permeation resistance testing measures
the rate chemicals can pass through
the glove material in units of time to
breakthrough or permeation rate (11)
(Table IV).
In a tragically famous case of
chemical exposure through gloves, a
professor at Dartmouth College, Karen Wetterhahn, was preparing a dimethylmercury standard in a fume
hood when one or two drops of the
solution inadvertently spilled onto
her latex gloves. She was working
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in a fume hood and wearing PPE, so
she finished her preparation then removed the gloves and washed her
hands. Several months later she was
diagnosed with dimethylmercury
poisoning. It is believed that the mercury solution permeated her latex
gloves in less than 15 s. In less than
a year after her exposure, Professor
Wetterhahn died from her exposure.
Most disposable gloves common to
chemical laboratories have lower resistance, higher permeation rates,
and are faster to degrade than reusable gloves. Disposable gloves are only
meant for incidental contact rather than prolonged exposure. These
types of gloves should be disposed
of immediately upon contact with a
chemical or agent and replaced with
new gloves after washing the hands.
Intentional or prolonged contact with
chemicals requires sturdier gloves
made of durable materials with sufficient thickness to stop or delay permeation and degradation.
The safety data sheets accompanying chemicals contain all the information regarding the safety and compatibility of those chemicals. The health
and safety sections will often list
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conditions of use and safety precautions such as PPE required, glove materials suggested along with thickness
of gloves and other materials. These
data sheets also carry information
on safe handling and disposal, which
should be followed when disposing of
PPE that may have been contaminated with that material.
The choice of the proper PPE is not
the only factor in protection for the
wearer. The matter in which PPE is
put on and removed after use is important. Gloves, as was stated previously, should be of a compatible
material for the purpose and must
fit snugly but not so tight that they
stretch and become compromised
more quickly during use. Gloves
should also not gap at the fingers.
After gloves are contaminated they
can be removed by pulling one glove
off with the still gloved hand and then
using the inside portion of the glove
to remove the second glove folding
them into each other so the glove disposal packet has the contaminated or
exposed areas contained inside
the packet.
Laboratory coats should fit properly
and button. The cuffs should not hang
down into the work area nor should
the cuffs be too short to not cover the
tops of the gloves when worn. Pockets should not contain items that cannot be exposed to contamination or
infection. Laboratory coats should be
changed frequently. The removal of
the laboratory coat is similar to the
gloves where the sleeves are removed
inside out and the outside is folded inside to contain the contaminated area.
The material of the laboratory coat or
aprons should have the same chemical
compatibility and resistance factors
as other PPE in use.

Cleaning PPE
Many PPE items in the laboratory
are disposable such as some gloves,
cannabissciencetech.com
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face shields, and masks. Other items
such as respirators, glasses, reusable
gloves, and laboratory coats will need
maintenance and cleaning. The first
step in any cleaning is to check the
manufacturers packaging, literature,
and website for cleaning and compatibility instructions.
Many cleaning procedures detail
some application of a cleaning product
that will remove debris and contamination, but not damage the materials
of the PPE. For example, if a respirator
is being cleaned with an aggressive solvent such as acetone, it might melt or
deform the plastic material and make
the PPE unfit for use.
Cloth items such as aprons and laboratory coats should only be cleaned
by professionals using the correct handling procedures. Laboratory coats and
other labware should never be placed
in home or residential washers and
dryers where they could cause more
contamination, infection, or damage
to people and equipment. Laboratory
coats should be cleaned before significant stains and spills are visible.

Clean Laboratories
The first step to safety in a laboratory is cleaning and organization. To
disinfect a laboratory properly against
biological contamination it first must
be generally clean. Dust and dirt attract
and collect particles and chemicals.
A thorough cleaning procedure must
account for all areas from the ceiling
to the floor to remove dirt and debris.
Filters must be changed in hoods and
environmental control systems. Trash
must be removed and clutter discarded.
After general cleaning, the process of
disinfection can then occur. There are
many chemical agents that can be used
to disinfect a laboratory for viruses.
There are many commercial products for all types of settings. Most
of these products have familiar active chemical agents such as alcohols,
cannabissciencetech.com
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Table V: Common commercial disinfectants ingredients and their contact time
for disinfection (12)
Active Ingredients

Average Suggested Contact Time
(Dependent Upon Concentration)

Ethanol

1–5 min

Isopropanol

1–5 min

Phenols

5–10 min

Quaternary ammonium

5–10 min

Sodium hypochlorite

1–10 min

Hydrochloric acid

10 min

Iodine

10 min

Table VI: Concentration of disinfection
agents tested against Coronaviruses
Agent
Benzalkonium
chloride

Concentration
0.1%

Ethanol

70.0%

Formaldehyde

0.7%

Glutaraldehyde

2.0%

Isopropanol

50.0%

Povidone-iodine

10% (1% iodine)

Sodium chlorite

0.23%

Sodium
Hypochlorite

0.05–0.5%

acids, chlorides, and so forth. The
mode of action for these products is
usually one of the three processes:
dehydration of the biological agent
or inactivation of chemical agent,
disruption of cellular structures or
chemical processes, or denaturing
proteins and genetic materials.
The Environmental Protection
Agency (EPA) has published an extensive list of all of the commercial
products for use in cleaning against
viruses and COVID-19 on their website (13) (Table V). Commonly used
laboratory solvents call be used for
cleaning and disinfection including:
ethanol, sodium hypochlorite, and
more (Table VI) (14,15).

The common theme for all of these
products, whether they are commercial products or laboratory produced
disinfectants, is dwell time or contact time. Dwell time is the amount of
time needed for the active agent to
be in contact with a surface to be effective. There are very few instantaneously effective products and in
most cases the solution needs to be
applied for up to 10 min before wiping or washing the surface clean to
ensure proper disinfection.
It is important to remember in the
use of cleaners and cleaning agents
that they are still chemicals capable
of contaminating daily processes and
operations. Alcohols and other solvents are common laboratory materials and may contaminate sensitive
areas that may be used to measure
volatile organics. These compounds
can also kill microbiological experiments if not properly vented from the
laboratory workspace. Chlorine compounds and acids can cause oxidation
and contaminate experiments, metal components of instruments and
equipment. Additional actions may
be needed to ensure normal laboratory processes are not contaminated by
the updated cleaning procedures.
Before cleaning and disinfecting
an area, all porous materials such
as paper, paper towels, and so on
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should be removed from the areas to
be cleaned so as not to absorb chemicals. Select cleaning agents appropriate
for the area to be cleaned with thought
in mind as to the type of work that occurs in these areas and how that work
will be affected by these agents. If possible, airflow and hood flow should be
increased to drive fumes away from
work areas. Chemical odor traps can
be used to absorb volatile chemical fumes. Hoods and sensitive areas should be decommissioned during
cleaning and allow several hours for
fumes to dissipate.
Multiple spot cleanings should be
scheduled during a shift with a plan
for more extensive cleaning on a periodic basis. Deep cleaning plans
and services should be outlined in a
cleaning plan upon an exposure within the laboratory. Personal cleaning
and hygiene plans as well as expectations should be discussed or notices
posted to remind everyone to keep a
cleaning plan in use.

Final Thoughts
Common laboratory procedures
and practices are designed keep
scientists safe from chemical and
biological exposures. Now, at this
time of heightened awareness it
is appropriate to examine those
practices and the personal protective
equipment used in our laboratories
to ensure that the tools meet the
tasks. The everyday gloves we use
in the laboratory are not one type
or one size fits all purposes. Read
the documentation for the PPE you
are using and determine if it will
protect you not only from the threat
of biological exposure, but from the
everyday solvents and acids that are
part of your workflow. During this
health crisis, use the opportunity to
educate and improve upon the safety
and cleanliness in the laboratory.
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tech innovations

Cannabis Cultivation: The New
Agriculture Tech Playground
By David Hodes

This second “Tech Innovations” column examines the state of the
art in cannabis cultivation technology by first examining the history
of cannabis growing operations—where it began, where it is going,
and the forces behind its historic evolution. This column focuses
on technology in use now, from setting up a grow to tracking each
plant, and proposes new technology solutions that are either in place
now or on the drawing board, all designed to both improve the grow
efficiencies of cannabis and create more data analytics for better
cannabis cultivation in the future.

T

he tech future of cannabis cultivation is already happening in
some places around the country,
borrowing from or even leading
agricultural technology development
already in use for growing other crops
such as cut flowers.
Cannabis cultivation uses the same
methods as other agricultural cultivation grow operations—either outdoor, greenhouse, or indoor—with important distinctions about what works
best and why, all wrapped up in regulatory seed-to-sale reporting responsibilities on a new high dollar crop.
Growers have found that cannabis is more than just another agricultural plant. Yes, cannabis grows wild
like a weed. But growing it commercially, and profitably, is about managing how this weed becomes a repeatable, valuable product that meets the
expectations of a demanding consumer willing to pay for a quality agriculture product.
Today, as cannabis has been legalized in some form (medical, adult
use, or both) across 33 states and the
District of Columbia (1), with the
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likelihood of more to come, all three
types of grow operations—outdoor,
greenhouse, and indoor—continue to
be used.
But there are, and will be, more
states where cannabis grow operations
don’t work outdoors because of winter
and summer weather challenges.
Greenhouses may be the only choice
for some states, but seasonal operational expenses associated with fluctuating weather and heating-venting-air
conditioning (HVAC) demands could
seriously affect earnings margins.
Other states joining the legalized
cannabis grow community are compromised by smaller footprints of available land, as in built-out states such
as New Jersey, leaving indoor farming
(both updated hydroponic grows and
new cultivation ideas such as vertical grows) as the only logical choice to
make a profit off of a high-dollar crop
like cannabis.
In Table I presented here, we showcase some of the new cultivation products that have been brought to market since 2019. Tables II-V presented
in the online version of this column
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due to space considerations provide
more details on each product that
was submitted (please visit: www.
cannabissciencetech.com/view/cannabis-cultivation-the-new-agriculture-tech-playground). Cannabis Science and Technology sent out a survey
during the spring and summer of 2020
asking vendors to supply them with
any cultivation products launched
within the last year. Because information for this article is obtained sporadically over the course of many months,
it is very possible that some information has been missed. The reader is encouraged to check with specific vendors for additional products as well as
more-detailed information regarding
what is covered here.

Outdoor Cultivation:
The Beginnings
Location is critical for the outdoor
grow because this type of cultivation
operation faces many variables: weather, pest mitigation, irrigation challenges, and even challenges because of the
atmosphere, as is the case in outdoor
grows in and around mile-high Denver.
Year-round outdoor growing regions
that are nearest to the equator—Jamaica, for instance—are better for larger sativa-dominant plants. Growers say
it’s in these regions where the future of
outdoor cannabis grows will naturally gravitate.
In the US, the outdoor cannabis
grow has been the legacy grow operation for cannabis since the cultivation of cannabis began in earnest in
cannabissciencetech.com
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the 1960s, mostly in California’s Emerald Triangle in Humboldt County.
This area is still the largest producer of
both black market and legal cannabis
in the US today.
However, the Emerald Triangle grow
area in northern California is not really an ideal setting, according to a recent study (2). Poor quality agricultural soil covers nearly 90% of the county.
Cannabis requires water throughout its
growing season, which takes place during Humboldt County’s dry season and
can last up to 150 days. With the dry
summers and falls in this area, irrigation of cannabis plants is needed on
a nearly daily basis. It’s not the most
commercially friendly method of growing cannabis, and not a leader in new
uses of grow technology.
“If I am running a cannabis grow, I
am running a business for profit,” said
Jim Eaves, an agricultural economist
at Universite Laval in Quebec City,
Quebec, Canada. “The real sun might
have wonderful things it is providing.
But if the market can’t perceive those
things so that I can be compensated for the higher cost and higher risk
of growing under the sun, that I have
to incur for growing outside, then it’s
not worth it.”
Brett Strauss, president and cofounder of FolioGrow, makers of a
cloud-based horticulture productivity platform, explained that outdoor
grows don’t embrace technology as
much because the number of steps
you have to take during the grow cycle is pretty slow. “But when you
compress that down to two or three
months like you do with indoor growing, all of a sudden all of the tasks become rapid fire,” he said. “If you have
a plant that grows and harvests in
90 days and one that grows and harvests in 85 days, that’s five days that
are valuable to me. That is five days of
such things as rent, electricity, marketing. You have THC levels, speed to
cannabissciencetech.com

harvest, how well it is selling, what is
my yield—all of these moving parts
are going on. When you collect all of
that data and you can look at it, you
can make better decisions on what you
should be doing.”

The Greenhouse
There are large cannabis greenhouse
operations in both Canada and the
US—such as the massive 40-acre
Copper State Farms in Snowflake,
Arizona (3); the Glass House Farms
505,000-square foot greenhouse in
Carpinteria Valley near Los Angeles, California (4); or the Aphria Inc.
greenhouse, which is 2.4 million
square feet of cultivation space in
Leamington, Ontario, Canada (5).
All offer the controls needed to get
repeatable plant grows. But all come
with their own set of drawbacks.
“The first instinct after cannabis
was legalized was to take advantage
of the free electricity of the sun,” said
Eaves. “But the mistake of that is that
the sun’s electricity is not free. You
have to have a glass building and that’s
not cheap. It’s not insulated. And now
to allow that sun in, I have to have all
this equipment to try to control my environment in a space where there is
very little protection from heat.”
“You see growers struggling with
the fact that now the cloud comes over,
and the humidity spikes, and then the
cloud goes away and its super dry and
hot inside the greenhouse," said Eaves.
"They are constantly fighting against
radiation.”
Greenhouse glass is expensive. Controlling the sun and the indoor HVAC
environment of a greenhouse is challenging. Meeting the environmental requirements about power and water usage can put a strain on the bottom line.
The greenhouse operator also has to
find a way to mitigate the smell of the
cannabis growing there, in accordance
with local ordinances.

/
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But there have been inventions for
the greenhouse operation to help reduce costs. For example, greenhouses can be fitted or retrofitted with retractable energy-saving shade curtains,
which can be used to adjust the heat inside the greenhouse; and boiler units
using biomass for fuel to power heating
units. Other ideas include installing hot
water radiant floors for more controllable area and zone heating, further reducing overall heating costs.

The Indoor Grow
When Colorado legalized adult use
cannabis in 2014, there was a run on
warehouse space in Denver and other
jurisdictions in the state because most
Colorado cities were required to have
the grow and retail sales operations in
the same building. Setting up grows in
renovated industrial buildings wasn’t
as straightforward as early growers had
hoped. They began encountering issues
with mold and HVAC access and use.
Growers who had come from outdoor grows, or worked in much smaller indoor grows, were now tasked with
being environmental engineers and
smart building designers while managing growing at scale—with sometimes
disastrous consequences, such as losing
an entire grow due to mold. The indoor
concept evolved over time as hard lessons were learned.
Eaves said indoor farms immediately
began disrupting the greenhouse models in cannabis cultivation. “The main
value of growing indoors is that, when
you are growing a lot of varieties, you
have to create different environments.
And that is just cheaper to do indoors
than in a greenhouse,” he said.
There are only a few crops where the
market demands more varieties than
cannabis right now, and it is much easier to have a flexible manufacturing environment indoors explained Eaves.
“Just the value of being able to respond
to the customer rapidly and well, that
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Table I: Alphabetical listing of companies that submitted products. For full descriptions and product information
please visit Tables II-V online.
Company Name

Product Name

Agilent

Agilent Potency Testing Kits for Cannabis Flower and Hemp
Agilent Pesticide and Mycotoxin Testing Kits for Cannabis Flower
Agilent eMethods for Cannabis safety and quality measurements

Category

Testing

Portfolio of Agilent Cannabis Cannabinoid Standards
Agrify

Bluezone Model 420
MODEL R1 LED Light

Growing

Vertical Farming Unit (VFU)
Arable

Arable Mark 2

Growing

Big Sur Scientific

BSS Cannabis and Hemp Analyzer

Testing

California Lightworks

GH Pro 340

Growing

Cascade Sciences

Cascade Sciences 210g Moisture Analyzer
Item No: CM-213.I
CDO-28 Dry & Decarb Oven – Stainless Steel with Nitrogen Purge
Item No: CDO-28-SS-N2-CS

CenturionPro Solutions

Post-harvesting

3.0 Trimmer
GC Bucker
HP Bucker

Harvesting

XL 5.0 SE
XL Trimmers (5.0 & 10.0)
Desert Aire

GrowAire™ DriCure™ Solution

Post-harvesting

Fluence by OSRAM

VYPR 3p LED Top Light

Growing

GeoShepard

GeoShepard

Growing

Gigahertz-Optik

CSS-45 Remote Spectral Detector

Growing

GrowRay Technologies

TR Series Full Spectrum LED Lights

Growing

High Yield Solutions Corp.

Hy-Roller

Post-harvesting

HyperLogic (Commercial division of
HydroLogic Purification Systems)

Containerized Reverse Osmosis Systems
Commercial and Industrial Automated Reclaimed Condensate System (ARCS) Skid
Nutrient Runoff Filtration System

Growing

Comprehensive Cannabis Water Quality Testing
Lift and Grow

Adjustable Overhead Light Lifting Machine

Growing

Overhead Automated Drying Racks

Post-harvesting

Plant Protector Inc.

Lost Coast Plant Therapy

Growing

Resource Innovation Institute

Cannabis PowerScore

Growing

Sensaphone

The Sensaphone Combination Temperature, Humidity and CO2 Sensor

Growing

STULZ USA

STULZ Condenser Water Reheat System (Patent Pending)

Growing

True Liberty® Bags

Pallet Container Liner

Harvesting

Brand Refresh
100 Gallon Bag

Post-harvesting

Rolling Bench Table Liner
Valoya
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RX600 Solray®
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cultivation
alone will lead to indoor farms disrupting greenhouses in many parts of the
world, for many different plants not just
cannabis,” he said.
Indoor cannabis cultivation has essentially four big issues to deal with:
lighting, HVAC, pest mitigation, and
contamination such as mold or other pathogens that can come from either
the building itself or the human working with the plants. All have come under more and more scrutiny and control
as the industry evolves.
Early on, lights were the focus of getting a more efficient, better yield operation overall, and came with a set of pros
and cons still being worked out today.
Cannabis cultivation lighting has come
down to a discussion of high pressure
sodium (HPS), the early preferred light
for cannabis for indoor grows, versus
light emitting diodes (LED). But HPS
lights generate too much heat, and tend
to spread light too widely within a grow.

LEDs are initially more expensive, but
they operate cooler, use less electricity,
and are more directable.
Eaves wrote in a white paper (6)
that cannabis growers can buy a general-purpose, broad-spectrum LED (for
example, a flood light used for lighting
streets or warehouses) or they can buy
an LED light with a spectrum that has
been “tuned” specifically for horticulture applications.
Eaves’ study found that the LED is
more efficient at directing photons to
the plants, causing a higher proportion
to hit the plants versus the walls and
floor. Since the LED emits far less radiant heat, the grower can place the lights
much closer to the plants.
He also found that it is possible that
spectrum tuning offered by LEDs may
improve the cannabinoid profile substantially enough to justify a price premium. But the discussion of which lighting system works best rages on today.
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Apps to the Rescue
Seed-to-sale tracking is a required
regulatory compliance process that has
always been a part of the cannabis grow
process, mostly in place to eliminate the
potential diversion of the product to the
black or gray market.
One company that has built an app
to help collect and streamline that information is GeoShepard, with their
automation solution software. The
software allows cannabis growers to
automate the data entry of compliance
information into the compliance seedto-sale tracking platform, and connect with state compliance tracking at
Metrc, a software application reporting tool used by most states.
“We have been able to put 10,000
plants from single harvest batches through our system in one day to
Metrc,” said Jay Lineberry, cofounder and CTO of GeoShepard. “That is our
record so far.”

Our key motivator in creating mobile surveillance
solutions for cannabis transport is to maximize asset
security and simultaneously enhance safety for the
driver. Our interior and exterior cameras provide
continuous recording - capturing every moment of the
transport, our software features geo-fencing, live look-in
capabilities enabling you to closely monitor your
product, and our intuitive accessories allow you to
cater our solutions to your needs.

KEY FEATURES AND BENEFITS:
CONTROL INVENTORY SHRINK

Securely monitor your inventory from pick-up to drop-off
REDUCE EMPLOYEE THEFT

Monitor activity in and around the vehicle
ENSURE RELIABLE AND TIMELY PICKUPS

View routes of all delivery vehicles
VIDEO EVIDENCE OF DELIVERIES

Video recording on anytime product moves
PROTECT VALUABLE ASSETS

Complete security of goods and services at all times

TIME TO DISPENSE SOME SAFETY - CALL TODAY!
800.544.0196 svcannabissales@safetyvision.com
Copyright © 2020 Safety Vision, LLC All Rights Reserved.
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Their biggest project now is their offline mode, where users can use their iphone or Android devices out in the field
where they don’t have Wi-Fi connectivity. They can enter that cannabis plant
batch information on their devices, then
connect and upload that information
once they are back in their offices.
GeoShepard is thinking of compiling the information they gather to
make the software more of an analytical piece to show what strains are
being grown and sold more often, and
help identify trends. “We do have that
information, but it is not something
we have built yet,” said Lineberry.
“But it is on our roadmap for something to do in the future.”
Strauss calls FolioGrow’s cannabis
production management (CCM) platform “money ball for cannabis,” that is
more of a “seed-to-wholesale” platform.
“The application is built to help
growers really analyze the math behind the business that they are doing,”
said Strauss. “We convert a lot of the
data into a readable actionable form.”
He said that growers are spending a
lot of time tracking production using
spreadsheets. But his application is an
automatically updating software-as-aservice (SaaS) application, with data
entered by employees as they are doing their day-to-day jobs, so that they
can do that spreadsheet-type analysis
in real time. “All the grow manager has
to do is look over their shoulders at the
data and run reports,” said Strauss. “At
the core the application is really a task
and project management system specific to the cannabis industry.”
Their application provides information about everything that was done
every day to and with the plant, when
it was done, who did it, how long it
took to do it—all of which offers a sort
of “CSI for the harvested plant.”
“If you were expecting 28 grams per
plant and got 23 for example, that is a
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25% loss,” said Strauss. “Why did that
happen? Maybe it was because you had
an HVAC system go out. Or maybe you
were expecting 28 grams per plant and
got 32. So let’s figure out why that happened so we can replicate it.”
Strauss said that in the near future,
he wants to merge data analytics from
multi-state operators (MSOs) on the
CCM platform. “When you use a piece
of technology like ours, every time you
grow a batch you are basically doing
research and development,” he said.
“So if I have multiple grows in multiple
states, I can merge that data and analyze it. I can find out why my Florida
shop is getting 36 grams per plant on
average for Blue Dream, and my Ohio
shop is only getting 26. Maybe I can
get Ohio to grow something else. Or
maybe I can replicate what they are doing in Florida in Ohio and help them
bring their yields up.”

The Rise of
the Vertical Farm
One of the newer ideas being explored
in agriculture tech is the vertical
farm—growing plants vertically in a
smaller real estate footprint to make
better use of grow space in non-traditional farm locations.
Vertical farming is now working its
way into the cannabis business. Chris
Treville, the cofounder of Growex, explained that his company is working on
a vertical farming concept that they call
“true vertical.” It is basically a wall of
plants inside a gas-tight envelope that
eliminates contamination and pests issues, with plants facing each other.
That configuration allows for a
more dense canopy, or more crops per
square footprint, and uses laser LED
lights that are software controlled to
mimic morning, noon, and night.
Their two sites in Quebec are
in rooms that are 25 feet high, but
he wants to go higher than that,
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eventually with their 4.0 model (they
are on 2.0 now), and remove some of
the interaction with a human by using a robotic arm to pick up a row of
plants and bring it down to the floor
for someone to work with.
Growex has been working with a
large Dutch fruit produce company
inside an 80-foot high automated distribution center perfecting the concept, and are bringing a modified version of that model into the cannabis
space. “We chose the cannabis plant
because there is a big demand for it,”
he said. “The margins allow for research and development more so than
other crops. But we do want to go
back to other crops afterwards.”
Cannabis is now their “spearhead
crop” for new cultivation technology,
he stated, as they take a look at how
the plants grow and what his model
can do. “I call it an algorithm, which
is a relationship between different parameters—lighting, nutrients, CO 2 ,
O 2 , HVAC, and others—that affect a
plant growth,” said Treville.
“When you are indoors, you have
the most precise controls of that. If
you can control all of those elements
with digital precision, then you can
play with those parameters and figure
out that algorithm,” he said.
Treville explained that they are
trying to get to grow efficiencies of 50
cents per gram. “We have never had
real mass to work with until now. But
we are working with a facility in Montreal that will produce 5 million grams
of dried cannabis flower a year, or 96 kilos a week. That facility is complete and
licensed by Health Canada. So we have
been doing a dry run with our system,
and expect to be ramping up to full production at the end of the year,” he said.
“We think we are actually going to be able to get around 20 cents
per gram, then add a couple cents for
packaging and add 15 to 20 cents for
cannabissciencetech.com
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amortization of building and equipment. All in, it should be about
50 cents,” said Treville.
Artificial intelligence (AI) will be a
part of the equation going forward, he
said. “If you add AI you increase height
and automate more,” he said. “That is
where you are going to get to 30 cent
range all in, and really be competitive.”

Next: Artificial Intelligence
Bringing AI into the grow operations for cannabis and other plants
is a concept that is getting closer to
reality. For example, the University
of California-Riverside was recently
awarded a $10 million grant to develop AI for sustainable water, nutrient,
salinity, and pest management in the
western US (7). AI and digital agriculture, which are the transdisciplinary application of high-performance
computing and hyperdimensional
data, will be developed to improve
farming resilience. The AI project at
UC-Riverside is focused on digital
tools for agricultural input management, early pest detection, the
integration of physical and statistical
models, daily remote sensing merged
with recommendations for soil-water
balanced irrigation scheduling, salinity leaching, and fertilization—all in a
single framework.
Eaves explained that AI is inevitable in the near future and will make
cannabis farms completely automated.
“Because they are so well controlled,
and you can gather data so well, they
are going to use that data and analyze
it so that you basically have self-driving farms,” he said. “They are adjusting on the fly in real time based on
data they are gathering.”
Strauss agrees that the time for AI
is here. “Being able to make predictions about production and finding
anomalies in your process is what AI
is going to be giving people,” he said.
cannabissciencetech.com

Final Thoughts
Strauss said that the cannabis cultivation community in general has not been
very open to technology. “I am talking
about the entire industry,” he said.
“You will find organizations that will
be very dialed in. Others are like those
guys up in northern California doing
outdoor grows that are on quads using
flip phones. It’s a low tech industry
compared to others.”
Traditional farming has always been
done by instinct, gut, and ego. “You get
100 growers in the room and every one
of them thinks they are the smartest
in the room,” Strauss said. “And they
all think the other 99 are idiots. But
the reality is that if you can analyze
the math of what you are doing, really look at the numbers behind the decisions you are making, you can maximize your revenue.”
“Remember, every grower has the
same limitations—they have limited
square footage and there are 24 hours
in a day," added Strauss. “Their goal is
to make the maximum amount of money they can possibly make given those
limitations.”
Treville said that the basic premise
of Growex’s evolution has been built
on one principle—don’t just listen to
the grower. “Have them sit down with
the engineers and builders if you are
going to grow a plant at scale,” he said.
“Those are the people who know the
base components needed for making
a facility contamination free and can
help you produce the results you are
looking for. It’s a different ballgame.”
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II–V in the online version of this column at: www.cannabissciencetech.com/
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cannabis crossroads
A Storm of Research Activity into
Cannabis and Coronavirus
A Closer Look at Expanding Research of
Cannabinoids and Terpenes in COVID-19
By Joshua Crossney

T

here has been a recent flurry of
scientific manuscripts and articles published on the topic of potential applications of cannabinoids and terpenes for coronavirus
prevention or treatment of symptoms.
This spike in research into cannabis
and COVID-19 gives us hope for future
treatments and paves the way for future
medicinal cannabis research.
In this installment of "Cannabis
Crossroads," I review a handful of recent articles related to COVID-19 and
cannabis. I also spoke with a top medical cannabis expert—Dr. Prakash Nagarkatti, Vice President for Research
at the University of South Carolina
(USC)—to get a better sense for where
future research efforts are heading. Dr.
Nagarkatti has recently shown that tetrahydrocannabinol (THC) can prevent
the development of colitis-associated
colon cancer in mice (1). Under his leadership and guidance USC has patented a US Food and Drug Administration
(FDA)-approved process for treating
autoimmune hepatitis with cannabidiol
(CBD) derived from hemp (2).

Current Research
Dr. Dedi Meiri, world-renown cannabis
expert at the Israel Institute of Technology and Chairman and CSO of the
company CannaSoul, recently announced
that his laboratory was “approved to
operate as a corona lab” and that they are
investigating novel antiviral terpene formulations that can potentially suppress
the immune response to COVID-19 (3,4).
Dr. Meiri is also researching compounds
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contained in cannabis as potential treatments for viral infections via modulation
of cytokine storms, severe immune reactions in which the body releases excessive
cytokines into the blood too rapidly.
Cytokines play an important role in normal immune responses, but a large amount
of them released in the body too quickly
can be harmful. Signs and symptoms of a
cytokine storm include high fever, inflammation (redness and swelling), and severe
fatigue and nausea (5). COVID-19 is especially fatal when patients experience cytokine storms (6). There are extreme challenges associated with treating severe
COVID-19 patients and this research exploring applications of cannabinoids to
treat cytokine storms may provide additional options to medical caregivers.
Another recent study published in the
journal Cannabis and Cannabinoid Research by researchers at the Dental College
of Georgia and Medical College of Georgia (7) also shows that CBD could help with
COVID-19 patients with severe respiratory
distress and could potentially obviate the
need for mechanical ventilators. The authors note that, “among all cannabinoids,
cannabidiol (CBD) has demonstrated potent anti-inflammatory effects in a variety
of pathological conditions. Therefore, it is
logical to explore whether CBD can reduce
the cytokine storm and treat ARDS.”
The authors conclude that their results
“suggest a potential protective role for
CBD during ARDS that may extend CBD
as part of the treatment of COVID-19 by
reducing the cytokine storm, protecting
pulmonary tissues, and re-establishing
inflammatory homeostasis.”
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Ask an Expert

Q:

Thank you for joining me to
discuss potential cannabis
applications in coronavirus
research, Dr. Nagarkatti. Could
you please tell us about your
laboratory and research focus
at USC?

Our laboratory is located at the
University of South Carolina in
Columbia, South Carolina. My primary
research interests are in the areas of
inflammation. We are looking at how
botanicals suppress inflammation. One
of the projects we are working on is how
cannabinoids suppress inflammation
and cancer. We have been pursuing this
research for more than 20 years. Our
research is funded by the National
Institutes of Health (NIH).

A:

Q:

Please summarize the results
of your recent work related to
the cytokine storm that is
associated with COVID-19 and
help our readers understand
why this is important.

Our recent research has shown
that THC found in cannabis can
suppress acute respiratory distress
syndrome (ARDS) and cytokine storm
induced by a bacterial toxin, Staphylococcal enterotoxin B. This toxin can
cause ARDS in humans as well as
animals. In mice, this toxin can trigger
ARDS and cytokine storm resulting in
respiratory and multi-organ failure and
the mice dying in less than 5 days. In
this model, we found that THC can
completely prevent ARDS, cytokine

A:
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storm, and mortality. Because this ARDS is similar to
that seen in COVID-19 patients who develop ARDS,
our data suggest that THC may be effective against
severe forms of COVID-19 that leads to ARDS,
cytokine storm, and high percentage of mortality. It
should be noted that ARDS kills almost 40% of
patients and currently there is no FDA approved drug
to treat this disease.
I would like to caution that our data should not be
interpreted to suggest that cannabis is good to prevent
COVID-19 infection. Our results only suggest that it is
good to treat the severe form of COVID-19 in which,
due to ARDS and cytokine storm, a significant proportion of patients die.

Q:

Cannabis is not one single medicine—each
chemovar has a unique cannabinoid and
terpenoid fingerprint. Which cannabinoids
were researched in your article? Can you
speak to which types of cannabis or
cannabinoids seem to have the greatest
benefits for viral infections?

A:

We worked on THC. We have not done any
studies to see if cannabinoids can prevent
viral replication.

Q:

What biochemical pathways do cannabinoids
appear to be influencing that may result in
either protection from infection or potential
therapeutic benefits?

Cannabinoids such as THC suppress inflammation through a variety of mechanisms.
They induce T cells that suppress inflammation
called regulatory T cells. They also induce microRNA
that trigger cytokines such as IL-10 and TGF-b that
are immunosuppressive. The microRNA can also
induce the generation of other types of cells that
suppress inflammation called myeloid-derived
suppressor cells.

your laboratory
CGM LABDAQ® is the leading laboratory
information management system. Accurate,
intuitive LIMS software to streamline your
cannabis testing.

A:

Q:

Are there any potential negative effects of
cannabis use that might put a person at
greater risk for COVID-19 infection or
exacerbate symptoms?

Yes, a high dose of cannabinoids may overtly
suppress the immune response, which may
make a normal individual more susceptible to
COVID-19 infection, although studies need to be
performed to see if this is true at the population level.

A:
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CGM LABDAQ® is a user-friendly, intuitive
LIMS that automates manual processes and
drives the culture of connectivity in the
cannabis industry.
Connect to:
•
•
•
•
•
•

Testing instrumentation
Regulatory software including Metrc
Confident Cannabis
Billing software
Connect with
Dispensaries
us
to
learn more
Growers

Connect securely. Ensure
data integrity. Increase
efficiency, and comply with
industry regulations.

1.800.359.0911 x 1002
cgmcannabis.com
cst.us@cgm.com

© Copyright 2020 CompuGroup Medical, Inc. All rights reserved.
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What future studies related to
cannabinoids is your laboratory
interested in?

We are interested in using
cannabinoids such
as THC and CBD to treat inflammatory
and autoimmune diseases and cancer.
Our work on the use of CBD to treat
autoimmune hepatitis has been recognized by the FDA and the FDA has
approved the use of CBD to treat
autoimmune hepatitis as an orphan drug.
We just published a paper showing
THC attenuates inflammation in the colon and thereby prevents colon cancer (8).

About the Interviewee
Prakash Nagarkatti, PhD, Vice President for Research, USC
Dr. Nagarkatti joined the University of South Carolina (USC) in 2005
and currently serves as Vice President for Research (VPR) and Carolina
Distinguished Professor. In his role as VPR at USC, he oversees research
enterprise of ~$280 million at the main campus located in Columbia as
well as seven satellite campuses, located throughout the state. He received
his PhD in immunology. Prior to joining USC, he was a faculty member at
Virginia Tech and at the Medical College of Virginia.

A:

Q:

Any closing thoughts on the
topics of cannabinoids, terpenes,
or other cannabis components
that appear to be worth
investigating in future studies?

Cannabis has more than 100
cannabinoids of which only two
(THC and CBD) have been well studied.
Thus, there is plenty of opportunity to
explore all others.

A:

Conclusion
In closing, I would like to highlight
that the work described above is
scientific research and further studies
are needed to better understand the
full potential of cannabinoids (and
terpenes) for treating coronavirus.
The FDA has, in fact, issued several
warning letters to CBD companies
for selling fraudulent products with
claims to prevent, treat, mitigate,
diagnose, or cure COVID-19 (9,10).
The contents of this article are intended
for informational and educational purposes only and not for the purpose of
rendering medical advice. The contents
of this article and the manuscripts referenced herein are not intended to substitute for professional medical advice,
diagnosis, or treatment. Please consult
your physician for personalized medical
advice. Always seek the advice of a
physician or other qualified healthcare
provider with any questions regarding a
medical condition.
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In addition to administration, Dr. Nagarkatti is actively engaged in research. He currently directs
three federally-funded research centers: Two of them are funded by NIH and the third is funded
by NSF, which together, have generated more than $82 million in the past ~12 years. Dr. Nagarkatti
has generated more than $100 million in research funding as PI since moving to USC in 2005.
He has published ~300 peer-reviewed papers. He has mentored ~40 graduate students, 24 postdoctoral fellows, and 20 junior faculty as well as 35 International Scholars. For his outstanding
contributions to science, Dr. Nagarkatti was elected Fellow of American Association for the
Advancement of Science (AAAS), Fellow of Academy of Toxicological Sciences (ATS), and a Fellow
of the National Academy of Inventors. He has been the recipient of the Vos Lifetime Career
Achievement Award from the Society of Toxicology (SOT). His laboratory’s patent on cannabidiol
to treat autoimmune hepatitis was licensed to Revive Therapeutics and has been approved by FDA.
Dr. Nagarkatti has served and continues to serve on numerous national panels including National
EPSCoR/IDeA Coalition Board, EPA, and FDA. He has chaired numerous NIH Study Sections for
NCCIH and NIGMS. He was also invited to serve on FDA Panel of Expert Working Group on Druginduced Vascular Injury. Dr. Nagarkatti has organized the 26th NSF EPSCoR National Conference
in Columbia, SC.

Please remember to take care of
yourself and your loved ones. Remember that we’re all in this together.

the-coronavirus-turns-deadly-when-it-leadsto-cytokine-storm-identifying-this-immuneresponse-is-key-to-patients-survival-report.html.
(7) Cannabidiol Modulates Cytokine Storm
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immune response is key to patient’s survival:
report” article updated Mar 13, 2020; Posted
Mar 13, 2020 in OregonLive.com at: https://
www.oregonlive.com/coronavirus/2020/03/
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THC Remediation:
A Basic Understanding

T

etrahydrocannabinol (THC) remediation can be defined as any process that removes or reduces the
level of the THC cannabinoid from hemp-derived
products and extracts. We recently spoke with Ric
Cuchetto, The Cannabis Chemist TM , to learn more about
the technology behind THC remediation and some of the
challenges it presents.
Can you tell us about your role in the
cannabis industry?
Ric Cuchetto: My background is in analytical
chemistry, especially chromatography. I started taking
what I knew from analytical scale and doing preparative scale
separations. The first experiments involved cutting the lesser
percentages of cannabidiol (CBD) out of tetrahydrocannabinol
(THC) extracts to make 1:1 tinctures. Then “Charlotte’s Web”
came out and CBD varietals exploded. There was zero reason to

Q:
A:
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use techniques such as chromatography. We could create any
ratio of CBD:THC medicines desired without expensive and
tedious molecular separations.
I still used flash chromatography to remove delta-9 THC
selectively to create anti-inflammatory formulations that had
low intoxication. My spouse has a rare disease that causes
traumatic brain injury. Her symptoms are alleviated with certain cannabis formulations.
I helped formulate the initial regulations for pesticides
analysis in commercial cannabis. Most of my current
work involves refining marginal botanical oils into premium products.

Q:
A:

What is THC remediation and how does
your work relate to it?
Cuchetto: THC remediation is any process that
reduces THC concentrations in order to comply with
cannabissciencetech.com
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By Megan L’Heureux

extraction

regulatory or quality objectives.
Dilution is one solution.
What technologies or
methods work best for THC
remediation?
Cuchetto: Certainly, that is the
grand debate. What works best
for what THC level input? What works
best for what final THC level? What
works best at what scale? What is the
skill level of operators? Is this project
CapEx or OpEx intensive? I often
combine technologies to provide the
best solutions for my clients.
Dilution is the low-tech winner, often
hemp seed oil or mid-chain triglycerides (MCT), such as palm oil, are used
to bring THC levels within regulatory
compliance.
Crystallization is the most common
method. After “decarboxylation”
(heating to convert CBDA to CBD),
CBD crystallizes easily. Crystallization also does a great job of pesticide
remediation.
Flash chromatography was my original introduction to THC remediation
and still a major tool for me. This process utilizes specialty polymeric resins
and large solvent volumes. Supercritical fluid chromatography is emerging
as a subset of flash operations. Significant solvent reductions are possible
compared to conventional systems.
There are other techniques as well,
such as molecular imprinted polymer
(MIPs) technology. MIPs uses polymeric resins with specificity for cannabinoid molecules.
These technologies retain THC or
THCA molecules with weak attractions in the resins. Other technologies use solvents to preferentially extract the acid (THCA, CBDA)
or neutral forms (THC, CBD) of the
cannabinoids.
Lastly, some technologies use precise fractional distillation to separate
THC from CBD.

Q:
A:

cannabissciencetech.com

Does THC remediation pose
any challenges?
If so, do you have advice or
tips on how to address
those challenges?
Cuchetto: Generally, challenges increase with decreasing
concentration. In Colombia, the THC
limit is 1%. In the US, Congress set the
limit to 0.3% THC for hemp-derived
products. For many EU clients, we need
less than 0.05%. We go back to the
primary questions of what is the input
volume and THC concentration? What
is the maximum allowable output THC
concentration?
Also, what happens for the analytical testing? Can you ship products
with more than 0.3% THC by USPS,
UPS, or FedEx? The laws vary by state
for how the analytical can be performed. The Food and Drug Administration (FDA) certainly seems to be an
influencer if not an enforcer right now.

Q:
A:

What kind of end-products
are created using THC
remediation?
Cuchetto: The most basic
level product is “isolate;”
CBD crystal >99.5%. There are
distillates in the 80% to 95+% cannabinoid content. Crude extracts often
contain 30–50% active ingredient.
After “winterization,” crude oils can
have 50–75% cannabinoids. Other
“bioactives” (such as terpenes) add to
the “spectrum.” Crude oils that have
been winterized and THC remediated
would be a “broad spectrum” oil.
Any of these oils can be converted to other form factors such as nano-emulsions, water soluble powders,
and so forth.

Q:
A:

Q:
A:

Has the legalization of
hemp increased the focus or
desire for THC remediation?
Cuchetto: The legalization
of hemp unleashed my

/
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favorite mission statement: “sempre
mas grande,” which roughly translates to always bigger. With thousands of acres of fields growing
biomass that doesn’t meet regulatory
requirements once it is extracted,
that makes for a large audience.
Hemp growing is a math problem.
Even if the cultivar has only 0.2%
THC in the field, once it is extracted
into an oil form, it will be above the
regulatory limit (“hot”). Conventional distillation does not separate THC
from CBD. In fact, it will produce
even higher THC levels. For the main
cultivar that I work with, 0.8% THC
in flower becomes about 3.5% in
crude extracts and about 5.5% in
distillate.
Are there any other
factors in the industry that
might play a role in
increased demand for THC
remediation?
Cuchetto: I think just the
greater acceptance of cannabinoids as therapeutic is exponential.

Q:
A:

Do you foresee any other
cannabinoids coming into
play for THC remediation
in the future? For example,
do you think there might
be a demand for cannabigerol (CBG)-only products?
Cuchetto: Absolutely. A few
of the manufacturers already
do CBG-only production. As long as
THC continues to be a Schedule I
listing, any of the other molecules in
this amazing botanical will need to
have non-detectable levels of THC to
appeal to the broadest markets.
My primary focus is on molecular isolations. As we gain more understanding of the potential in the components
of this plant, I expect to continue to provide these materials to the botanical
supplement market.

Q:
A:
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How to Rein in Cannabis
Industry Energy?
Massachusetts was named the most energy efficient state in the nation by the American Council for an
Energy-Efficient Economy (ACEEE) for the ninth consecutive year in October 2019 (1). Now the burgeoning
cannabis industry, notorious for being an energy waster, poses a serious threat to that status. And the
stakes are getting higher every day. As more states legalize cannabis, emissions are virtually guaranteed
to climb. One 2018 paper shows that the industry’s energy demands could jump by 162% by 2022 (2). This
article discusses the difficulties of reining in the intense energy use of the cannabis industry from the
perspective of the most energy efficient state: Massachusetts.
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cultivation

Massachusetts Energy Goals
The 2008 Global Warming Solutions Act (GWSA) set economy-wide goals for Massachusetts: 25% reduction of greenhouse gases against 1990 levels by 2020 and 80% reduction
by 2050 (3). With much effort, Massachusetts has reduced its
electricity use in the range of 3% statewide annually.
Fred Davis, a lighting engineer and energy conservation activist since 1977, wants to make sure cannabis is not a thorn
in the side of this effort (4). “There is a major chasm between
what indoor cultivation refers to as ‘sustainability efforts’
and what’s actually needed for global sustainability; it’s not
close,” said Davis.
He’s right to worry. Cannabis is currently one of the most
unsustainable industries in the country; its greenhouse gas
emissions are on par with data centers (5). The power-hungry crops rival data centers or server farms in intense use of
electricity, according to a peer-reviewed study last year in
the journal Energy Policy. Aggregate US emissions are equivalent to those of 3 million cars (6).
The largest portion of these emissions can be traced to
high-pressure sodium lighting, which can account for more
than half of an indoor grow’s electricity. These are roughly 500 times stronger than a reading light (7). Additionally,
heating, dehumidifying, and cooling indoor grow rooms all
demand significant energy.

/
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“The CCC is using
a combination of
incentives and
punitive measures
to ensure cannabis
operators comply.”
This is a new industry and regulators in all of these agencies are experiencing a learning curve, like in other legal
states. The DoER came to the measurement of 36 watts per
square foot based on scientific calculations, but it didn’t really know how grows ran. The CCC was new to electrical engineering and the science of photosynthesis, but it was still expected to translate that language to growers.
“The language came from the DoER was completely foreign to the CCC and I think still is to some extent," said Milton.

Growing Pains of Regulation
In March 2018, the Massachusetts Department of Energy
and Resources (DoER) suggested that grows over 10,000
square feet of canopy not exceed an average of 36 watts per
square foot. This standard effectively prohibits the use of any
lighting technology other than light emitting diodes (LEDs),
which are more energy efficient than other lights.
The Cannabis Control Commission (CCC), a five-member
body that regulates the industry in Massachusetts, accepted these guidelines and defined “canopy” as an area that will
contain mature plants at any point in time, including all the
spaces within the canopy boundaries of the given area (8). In
addition, the CCC guidance said that cultivators “shall provide energy and water usage reporting to the Commission in
a form determined by the Commission.”
The CCC received no usage data from 2018–2020. This has
frustrated energy conservation activists like Davis. “They have
gotten by without complying with the minimum requirement,"
he said. "All you need is a utility bill. It’s super, super easy.”
Sam Milton, Principal of Climate Resources Group, says
the initial requirement was easy to let slide (9). “It didn’t
have any teeth because cultivators didn’t really know how to
demonstrate that [measurement]," explained Milton. "And
because there were no documents that were required, it just
fell off the radar.”
cannabissciencetech.com
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"They needed to understand exactly
what that means and how to apply that
to what their license holders are doing.
And the DoER wanted to apply this code
to this industry without fully appreciating how these facilities operate and what
more effective metrics would be.”
Recognizing that the regulations were
too vague, in January 2020 the CCC unveiled updated environmental guidelines
(10). These required operators to ensure
that virtually every facet of their business is in compliance with GWSA targets
with a compliance letter that detailed
everything from architectural design to
transportation and lighting.
The form of energy reporting—Cannabis PowerScore—was also finally determined in July 2020. Resource Innovation Institute (RII) created the
PowerScore app as a way to report lighting; heating, ventilation, and air conditioning (HVAC usage); utility bills;
canopy size; and more (11). The licensee will download their PowerScore report as a PDF file and include that document as an attachment to the initial or
renewal application.
The definition of canopy, essential
to the wattage requirement, was also
clarified in July 2020. “Square foot” refers to the square footage of the canopy and canopy is measured using clearly
identifiable boundaries of all areas that
will contain mature plants at any point
in time. Mature plants are greater than
8 inches tall. Canopy doesn’t include
aisles and walkways.
Because some operators pushed back
against the 36 square foot restriction,
the CCC also gave them a second pathway to compliance. If they used fixtures
from the partnered Design Light Consortium qualified products list (QPL),
which includes only high photon efficacy fixtures, they can ignore the 36 watt
restriction (12).
The CCC is using a combination of incentives and punitive measures to ensure they comply. That includes fines or
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sending an order directing them to come
into compliance—all the way down to
suspension. The CCC will then be able
to use that data to track businesses’ successes and identify ways to improve.

Cultivators
Engineer and cultivator Mike Zartarian
sympathizes with both indoor cultivators and sun-grown cannabis advocates.
In a recent webinar for RII, he said,
“In Massachusetts specifically, it’s an
onerous and expensive sector. By the
time you’ve gotten in, you’re in huge
debt and you’ve taken on investors, and
they’re interested in seeing a return on
their investment.”
It doesn’t help that the cannabis margins are high in Massachusetts. The wholesale price of cannabis is currently $3500 per pound and
the production cost of a pound is about
$1000. That decent profit makes energy efficiency less urgent. When the
price of cannabis drops, cultivators
start to cut expenses such as energy.
“Oregon is one of those places," said
Zartarian. "You have to be extremely energy efficient in Oregon to survive
because their price per pound is much,
much lower . . . like $1000 to $1500.”
There are certainly ways to make
indoor growing more efficient. The
DoER funded RII to create a series of
educational workshops (13), tutorials, Best Practices Guides on LED Lighting and HVAC for Cannabis Cultivation
(14), and help with customized energy
plans. The tutorials explain how to report their energy and water usage on
PowerScore and the guides encompass
everything from a breakdown of various lighting options to case studies of
cultivators and in-depth explanations
of water flow systems.
Many operators see that sustainability is something they have to address because of the economics as well as the
optics of it. Growing indoors often results in huge utility bills that cut into a
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cultivator’s profits, and make the future
of their business less tenable (15).

Alternatives
Renewable power in Massachusetts is
still mostly theoretical. There are wind
turbine projects, but they aren’t completed yet. Even if there was enough
renewable power, indoor cultivation
is so energy intensive that, in the case
of solar, it would require an array of
photovoltaic (solar) electricity panels
that is in the range of 17–20 times the
square footage under cultivation. “In
other words, one would need solar
acreage about 20 times the size of a cultivation building," said Davis. "That’s a
lot of property.”
Cultivators do have another option: growing outdoors. The difference between indoor operation and
a sun-grown operation is massive. In
fact, Smith explained that it can be
“up to 500 times” different. But outdoor grows are extremely rare on the
East Coast; while roughly 40% of California cannabis is grown outside (16),
the East Coast didn’t get its first outdoor grow until last year (17), outside
of Baltimore, Maryland. Massachusetts
has approved only three outdoor grows
versus 34 indoor grows (18).
The CCC gives minor breaks to outdoor cultivators. Their license fees
are slightly lower. But different government agencies have not effectively aligned to provide a true path to outdoor cultivation.
The biggest hurdle is at the local level. Massachusetts is a home rule state
and local governments have final say.
Due to worries about security, and perhaps underlying stigma, grow facilities
are zoned as industrial, not agricultural, which forces them inside. “Local governments are happy to get tax
revenue from the industry, but keep it
on the downlow and shove these guys
somewhere out of the public view,”
said Milton.
cannabissciencetech.com
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Outdoor cannabis advocates like Sanford Lewis, believe the
CCC could do far more to foster outdoor cannabis (19). For instance, outdoor growers have costly security requirements because local governments believe cannabis will attract thieves.
Lewis believes the CCC should step in and educate local government and encourage them to support sustainable cannabis agriculture. Lewis provided testimony representing the
Northeast Sustainable Cannabis Project in front of the CCC
on August 15, 2019, where he said: “The CCC should use the
bully pulpit and oversight process to encourage municipalities
to welcome outdoor as well as greenhouse cultivation.”
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(14) https://resourceinnovation.org/resources/.
(15) h
 ttps://cannabusinessplans.com/much-cost-grow-cannabis-indoor/.
(16) h
 ttps://mjbizdaily.com/chart-where-does-californiasrecreational-marijuana-supply-come-from.
(17) https://www.baltimoresun.com/maryland/eastern-shore/bs-md-wp-marijuanamaryland-harvest-20191008-wwtr5ujrvjashpv6x276rlvigy-story.html.
(18) https://mass-cannabis-control.com/licensing/.
(19) https://www.facebook.com/nesuscan/.
(20) S
 . Wood, The North Bay Business Journal, https://www.
northbaybusinessjournal.com/article/industrynews/govnewsom-gives-green-light-to-cannabis-appellations/.

Education
Municipal governments and consumers may not be fully
aware of the environmental ramifications of indoor growing.
That’s where education comes in.
Consumers increasingly like to buy local, environmentally friendly products and the same could be true for cannabis.
Growers on the West Coast are banking on that local cache.
There’s a movement to create a label around sustainably
grown products in Oregon and Washington with a sun-grown
label. And Gavin Newsom recently approved an appellation
program in California (20).
Massachusetts could come up with its own certification
process. That would also educate consumers on the large carbon footprint left by indoor growing and the benefits of sungrown products. Communication and education may prove to
be most crucial to the success of cannabis sustainability.
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Integrated Data in
Cannabis ERP:

From Greenhouse to Production
BY DA N I E L E R I C K S O N

A

N ENTERPRISE RESOURCE planning (ERP)
solution is a business management system in
which all data is centralized—including accounting, human resources, growing, cultivation, quality, production, inventory, sales, and reporting. Automated data
management and record-keeping within the solution streamlines processes, reduces errors, and requires less time than manual methods or juggling multiple disparate systems. Real-time
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access to information provides visibility to company stakeholders and eliminates previously siloed factions of the business—
laying the foundation for transparency of the entire cannabis
operation. If the parent company includes multiple entities, divisions, or locations, the system allows for the monitoring, tracking, and recording of information from each warehouse, jurisdiction, or intra-industry vertical (grower, processor, and
dispensary)—even for those in different states or countries.
cannabissciencetech.com
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The amount of data created within a cannabis operation is extraordinary—from growing to harvesting,
production, distribution, and sales. What a company does with that data is critical to the success of its business,
allowing it to operate more efficiently and profitably. Cannabis enterprise resource planning (ERP) software
provides the ability to accurately collect data, consolidate it within a single, secure database, access it when
necessary, and analyze—integrating all business processes effectively. In a competitive market, integrated,
centralized data is essential to providing successful cannabis businesses a foundation for not only surviving but
also thriving in a world with increasingly tighter profit margins.

processing/manufacturing

Specifically, there are several areas tracked and managed
within the ERP solution for which integrated data is especially important, including the greenhouse, production, inventory, and accounting divisions of the cannabis business. A
discussion of the specific information essential in each area
provides a complete picture of the integrated functionality of
cannabis ERP.

Greenhouse
A cultivation management system (CMS) provides virtual
management of greenhouse operations—addressing growing,
inventory, regulatory, and labor needs. An ERP’s CMS streamlines operations, tracks cultivation stages, and monitors
cannabis growth periods. The system utilizes user-specific
role permissions in the software to prevent the mishandling
of critical information and maintains the integrity of data,
increasing security and accountability. Within the integrated
solution, tracking of the supply chain includes plant health,
growth, harvesting techniques, and batch yields—without any
gaps in the information collected.

Growing Conditions

The CMS solution automatically documents all resources
with possible effects on strain-specific plant growth and
yields including moisture content, nutrient applications,
feeding and pruning schedules, and fertilizer. By capturing
this data, factors that improve yield quality and efficiency
can be replicated in the future growing season to optimize
conditions, thereby increasing revenue per yield.

Plant Stages

Genealogy tracking within the CMS records and monitors
crossbreeding, plant genetics, and clone potency of each plant
batch with origin information. State required tracking of
plant inventories occurs throughout the multiple stages in its
lifecycle—tracing from the seedling to the plant through the
vegetative, flowering, and harvesting phases. Monitoring of
the growth schedule in the CMS and integrating with the ERP
system allows for future production planning. Tracking at
the individual plant level in real-time with a unique plant ID
number (including barcode and date) captures information
regarding the number of plants, assignment of batch names,
container type, wet and dry weight, recording of waste or loss,
and can link plants to a particular facility.

Regulatory Tracking

Once a plant reaches 8-in., it receives a physical state or
governing body ID tag, triggering the requirement for regulatory tracking. Synching this data to state regulatory systems
or other third-party bodies is handled seamlessly through
the CMS to protect against compliance violations. Audit
cannabissciencetech.com
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“This electronic transfer
of data streamlines the
process of regulatory
compliance to ensure
that reporting is accurate,
timely, & meets changing
requirements in a
complex industry.”
trails automatically recorded within the solution enable
reporting of terpene profiles, tetrahydrocannabinol (THC)
and cannabidiol (CBD) potency, and other attributes. Data
collection occurs throughout the growing, manufacturing,
and production processes. The ERP solution’s centralized
database maintains the information, automating the transfer
of required reporting data. This electronic transfer of data
streamlines the process of regulatory compliance to ensure
that reporting is accurate, timely, and meets changing requirements in a complex industry.

Labor Costs

As the highest expense incurred by growers, the CMS monitors labor costs to enable efficient greenhouse planning,
automation, and workflows. Operation managers can analyze labor by function to identify the actual production and
overhead costs down to the strain level, to determine the
profitability of the products and make data-driven decisions.

Production and Processing
A comprehensive ERP solution provides real-time documentation and visibility of the procedures and processes used to
schedule operations and work center availability to optimize
and streamline the production workflow. This can include
bulk packaging of cannabis plants and buds or the manufacturing of cannabis-infused products such as edible brownies
or vape cartridges. The integrated solution allows for future
planning and scheduling, as the expected timeframe for
when plants are ready for production can be determined.

Planning and Scheduling

By factoring in production capacity and available materials, dynamic production planning and scheduling functionality streamline the allocation of resources. The ERP
solution factors in the material lead and lag time, machine
and labor availability, cannabis product profitability,
approved suppliers, demand for particular strains and
products, quantity changes, and variations in strains or
types of cannabis products.
october 2020  |   cannabis science and technology ®
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“Integrated data in greenhouse,
production, inventory, and
accounting operations available
in cannabis ERP can provide a
competitive advantagee for
cannabis businesses.”
Quality Control

An ERP’s automated processes and
best practices ensure safe, consistent,
and quality products throughout the
supply chain. For those in the edibles
marketplace, documenting food safety
procedures mitigates risk in regards
to cannabis-specific concerns (such
as aflatoxins, plant pesticide residue,
pest contamination, and inconsistent
levels of THC or CBD potency), as well
as the dangers common to traditional
food manufacturers such as improper
employee procedures or training. The
recording of comprehensive processing controls, such as quality assurance
measures with production attributes
including potency, dry weight, wet
weight, critical control points (CCPs),
and so forth is also important. Quality
control testing results are stored and
managed within the ERP’s centralized
database (whether completed on-site
or by a third-party laboratory), to aid
in the ease of quarantining of raw
materials that do not meet standards
as well as products that are awaiting
test results. Capturing these critical attributes of cannabis products provides
accurate information for consistent
compliance and consumer-focused
labeling and packaging.

Recipes and
Formulation Management

With high consumer demand for
product consistency in regards to taste,
texture, appearance, potency, and
expected results, complex recipe and
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formula management is a requirement
for any ERP solution. Keeping detailed
information regarding raw material
data, production notes, versions, and
revisions for each batch helps deliver
products that consumers want and
expect. Calculating nutritional information with ingredient and allergen
information produces accurate labeling,
reporting, and product packaging
required for consumers in the cannabis
edibles market. The labeling history
documented in ERP software identifies
and locates items quickly in the event
of a product recall.

Research and Development

In an ever-changing industry, it is
essential to have integrated research
and development (R&D) functionality
to allow for expansion into new and
innovative markets—including the
development of new edibles, beverages,
and forms of delivery as well as new extractions, tinctures, and concentrates.
An ERP solution offers the ability to
create new recipes quickly, leveraging
current costs and product history within a sandbox software environment.
This not only provides the opportunity
for development and testing without
affecting current processes, but also
allows for a seamless transition into
live production when ready for the
consumer market.

Lot Traceability

Accountability across the supply chain
is increased through utilizing plant tag

cannabis science and technology ®  |   vol 3. no. 8

IDs as well as serial and lot numbers
with forward and backward traceability
that links product information to batch
tickets, shipping documents, certificates of analysis (COAs), and labels.
Capturing electronic signatures, timestamps, and recorded approvals within
the ERP solution provides a real-time
audit trail to demonstrate a complete
chain of custody for compliance initiatives —as well as for auditors, certified
public accountant (CPAs), and others
who need access to the information.

Recall Preparedness

As part of a company’s safety plan,
performing mock recalls ensures that
cannabis businesses are implementing
safety procedures within their facilities,
with the ability to modify their plans
as necessary. Documentation of these
exercises demonstrates that a company can quickly identify and trace raw
ingredients and finished goods back to
their source as quickly as possible in
the event of a recall because of inconsistent, unsafe, or contaminated products. With regular mock recall practices
and integrated information available
in the ERP, cannabis companies can
mitigate the risk of hazardous products
entering the marketplace.

Inventory Management
Tracking the quantity and location of
valuable cannabis inventory is of vital
importance to manage regulatory risk
and prevent theft. Due to ever-changing
regulations, cannabis businesses must
be prepared to report on the inventory they have on hand at any given
time—needing accurate accounts of
stock in case of an audit. Cannabis ERP
efficiently utilizes established inventory control measures across multiple
locations and warehouses—tracking
information scanned from the initial
planting of the seeds, through growing
and harvesting, and the final sale of
cannabissciencetech.com

processing/manufacturing

products to consumers. User-based
software permissions track all employee transactions, ensuring security and
accountability of inventory. Mitigating
the risk of unsafe products entering the
cannabis marketplace is the primary goal
of any inventory control system.
In an effort to control costs, the
ERP solution tracks safety stock levels
to keep a consistent inventory. By setting up criteria for reordering, the automated system can prevent shortages
and avoid overproduction, maintaining appropriate levels of raw materials
and cannabis products in real-time.
To reduce waste, the system monitors
expiration dates and facilitates rotation methods. To assure inventory accountability, the solution monitors inventory loss due to damage, product
loss, shrinkage, and accidental or purposeful destruction. The recording of
plant tag IDs, serial and lot numbers,
location and movement details, as
well as product measurements down
to the milligram maintains robust auditing capabilities.

sources. By offering a complete picture
of a company’s overall financial health,
the solution tracks expenses, assets,
liabilities, cash flow, and profitability.
This collection of business data provides
the financial reporting tools for invoices,
journal postings, purchase orders, cash
management, monitoring of inventory,
and other report creation. With this
data automation, manual reconciliations are obsolete since the information
from accounts payable and accounts
receivable flow into the general ledger,
allowing employees to focus on other
tasks. Historical data availability makes
past financials easily accessible.

Material Resource Planning

Tax Regulations

Accounting

Business Intelligence
and Predictive Analytics

Cannabis ERP software handles all
core accounting processes of a cannabis business by gathering financial data
in one central location and eliminating the need for duplicate entries or
imported information from multiple

Industry analytics, key performance
indicators (KPIs), and forecasting
tools available in an ERP solution allow
cannabis companies to access data
to provide additional insight, foster
collaboration, and enhance overall

Cannabis companies can utilize
efficient resource planning by incorporating the material resource planning
(MRP) functionality of a cannabis ERP
solution for the effective and efficient
use of resources. MRP ensures the
sufficiency of raw materials for production and finished goods on hand to meet
customer demands—factoring in supply,
demand, and forecasted requirements
to help plan production, purchasing, and
available-to-promise inventory.

cannabissciencetech.com

Real-time Costing

Utilizing its visibility into the entire
supply chain, the ERP system calculates
the cost of goods and services (COGS)
automatically—enabling management
to calculate COGS on a per gram or per
ounce basis. This accurate cost analysis
tracks overhead, accounts for waste,
and provides complete cost controls for
internal and state-mandated reporting.

With the tax complexities of the cannabis industry, it is important to use a fully integrated software accounting solution that provides financial reporting,
meets Generally Accepted Accounting
Principles (GAAP) and auditing board
compliance standards, and can navigate
complex cannabis tax regulations. An
integrated ERP solution helps navigate
the tax regulation implications of section 280E of the IRS guidelines.

/

feature

efficiency—offering a competitive
advantage. Data provides a complete
view of operations from seed to sale
to report on operations, financials,
and key business metrics for investors
and company stakeholders. Whether
the business is looking to identify its
most profitable strain or forecast the
future sales of a new product, reliable
data from the ERP solution can provide
real-time analytics to make data-driven
business decisions.
With the tools and functionality to
collect, track, and utilize the data cannabis companies gather every day, it’s
no longer necessary to sort through
endless spreadsheets and multiple
sources to get the information needed to become more efficient and profitable. Integrated data in greenhouse,
production, inventory, and accounting
operations available in cannabis ERP
can provide a competitive advantage for
cannabis businesses looking to leverage
technological tools to meet their needs.
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New Study Links Cannabidiol’s
Multitudinous Effects to Disruption
of Cholesterol Homeostasis

A

SIGNIFICANT CONTRIBUTION to our understanding of how cannabidiol (CBD) exerts its clinical efficacy has recently been published online by
researchers at the University of Colorado (1). The
evidence for how CBD affects more than 20 membrane targets had potentially implicated that the influence of CBD on
membrane fluidity was responsible for its pharmacological effects, but the actual mechanism had not been demonstrated
until now. The key finding from the multi-omic systems level
analysis in human cell lines is that CBD partitions into cellular membranes, which disrupts cholesterol homeostasis along
with membrane spanning ion channels and receptors, triggering a myriad of downstream consequences. CBD affected cytosolic calcium, cholesterol transport and storage, cellular energy sensors, and oxidative stress responses in a dose-dependent
manner (1). In addition, CBD-exposed cells were sensitive to
extracellular cholesterol, which induced cell death, or apoptosis, in a dose dependent manner.
Cholesterol interacts with the fatty acid tails of phospholipids to moderate the biophysical properties of the plasma
membrane, reducing fluidity and making the membrane less
permeable to small water-soluble molecules that would
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otherwise freely cross. While cholesterol’s bad press has led
to the widespread prescription of statins that block synthesis of cholesterol, it is essential for both membrane permeability and also in metabolism as the starting point for the
synthesis of bile salts and steroid hormones including cortisol, estrogen, and testosterone. Cholesterol makes up around
25–30% of the lipid content of the cell membrane and it is the
dominant lipid in the brain. Cells either synthesize cholesterol from acetyl coenzyme A (acetyl-CoA) or take it up from
the food we eat. While cholesterol deficiency results in several diseases, we are just beginning to investigate and appreciate the regulatory role that cholesterol plays in its relationship to cellular homeostasis, inflammation, and pain much
like how we think of CBD today.
Of the proposed list of CBD targets, 22 are membrane-localized channels and receptors. Mutations in one voltage-dependent sodium channel, NaV1.1, are responsible for epilepsy
syndromes including Dravet syndrome for which Epidiolex
is prescribed (2). Many other proposed targets are calcium
channels or receptors, in fact postsynaptic calcium mobilization is the probable mechanism for the anticonvulsant activity of CBD (3). The recent study brings strong evidence to a
cannabissciencetech.com
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previously proposed theory that this interaction of CBD with
membrane-localized channels is indirect through biophysical alteration of the lipid bilayer with cholesterol as the effector molecule (4,5).

Bioactive Lipids
Growing evidence suggests that pain sensation caused by
inflammation is in part regulated by the pro- or anti-nociceptive actions of lipid mediators which include endogenous
cannabinoids as well as agonists of peroxisome proliferator-activated receptor-α (PPAR-α), platelet activating factor
(PAF), and various products of oxidative polyunsaturated
fatty acids (PUFAs) metabolism (6). An increasing number
of lipid molecules have been shown to suppress the inflammatory process, restore homeostasis in damaged tissues, and
attenuate pain sensitivity by regulating neural pathways that
transmit nociceptive signals from the periphery of the body
to the central nervous system (7). The endocannabinoids,
anandamide and 2-AG, are synthesized locally on-demand to
mitigate the effects of exogenous and endogenous pro-analgesic agents by attenuating nociceptor excitability and contrasting local pro-inflammatory signals from another group of
bioactive lipids, including membrane cholesterol (7).

Loss of Cholesterol Homeostasis
Let’s take a closer look at how loss of cholesterol homeostasis mitigates a wide range of physiological change. Normally,
cholesterol levels are tightly regulated between the plasma
membrane (PM) sensors and the endoplasmic reticulum
(ER). When cholesterol is depleted, low density lipoprotein
(LDL) molecules transporting cholesterol bind to receptors
and enter the cell through endocytosis to reach lysosomes
where the cholesterol is released from the LDL and delivered
to the PM and ER membranes. If there is excess cholesterol,
it is removed from the PM and delivered to the ER where
it is esterified for storage in lipid rafts and not available for
normal cellular processes (8). When this normal feedback
inhibition of cholesterol levels is disrupted there is subsequent activation or deactivation of raft-associated proteins,
such as death receptor proteins, protein kinases, and calcium
channels. Furthermore, increased production of cholesteryl
esters, has been reported across human tumors compared
with normal tissue.

Cholesterol, Cancer, and CBD
Changes in cholesterol metabolism play a role in carcinogenesis. It is well established that cancer cells have a much higher
concentration of cholesterol and the levels of cholesterol
determine their resistance to chemotherapeutic drugs (9).
This increased capacity to esterify and accumulate cholesterol
in tumor cells has been associated with a higher growth rate,
cannabissciencetech.com
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suggesting a link between cholesteryl ester production and
cell proliferation (10,11). There does not appear to be a correlation with the levels of cholesterol consumed, but rather
de novo synthesis from dysregulation of the cholesterol pathway. Several anti-cancer drugs are able to suppress growth
and induce apoptosis of tumor cells through alteration of
cholesterol containing lipid raft contents via disrupting lipid
raft integrity and thereby sensitizing cancer cells to therapeutics and also influencing cancer drug resistance (12). Similar
findings have been reported for cancer cells treated with CBD,
essentially robbing cancerous cells of their energy source,
cholesterol.
In earlier reporting, primary microglial cells treated with
CBD resulted in a concentration dependent induction of apoptosis that was not counteracted by CB1 or CB2 receptor
antagonists but was attenuated by a lipid raft disruptor. This
finding suggests that CBD induces a pro-apoptotic effect in
primary microglia through lipid raft coalescence and elevated expression of GM1 ganglioside, involved in neuron repair,
and caveolin-1, a structural component of lipid rafts (13). In
the case of unregulated cholesterol accumulation in cancer cells, CBD is eliciting the same apoptotic outcome as anti-cancer drugs without the toxic side effects. Likewise, statins have proven therapeutic in some cancers—including
gastric, hepatic, prostatic, and esophageal—through their inhibition of cholesterol synthesis (14).

Cellular Calcium, Cancer, and CBD
CBD treatment was associated with high levels of Ca2+ in
the cell (1). An influx of Ca2+ ions can damage cells through
disruption of neural circuitry through excitotoxicity which
can occur in neurodegenerative diseases or brain trauma such
as traumatic brain injury (TBI) or stroke even causing cell
death. Cellular calcium homeostasis is necessary for stress
responses in metabolic organs including the heart, liver,
and adipose tissue. Multiple lines of evidence demonstrate
that inappropriate consumption of nutrients and chronic
metabolic diseases leads to dysregulation of cytosolic and
organelle Ca2+ fluxes and disrupted equilibrium in metabolic
tissues and immune cells, which in turn alters organelle
homeostasis, signaling pathways and autophagy (15). Cellular
Ca2+ homeostasis fails to maintain its adaptive integrity in the
face of structural and signaling defects introduced by chronic
metabolic challenges whether through over consumption of
nutrients or through treatment with CBD.
The effects rendered by CBD treatment cannot escape the
interrelatedness of all processes in the human body. In a recent study by Olivas-Aguierre and colleagues (2019) the
treatment of acute lymphoblastic leukemia of T-cells (T-ALL)
with CBD resulted in mitochondrial dysfunction and cell
death by altering their calcium homeostasis, which was
october 2020  |   cannabis science and technology ®
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directly demonstrated as the inhibitor of mitochondrial Ca 2+ uptake protected the T-ALL cells from CBD-induced cell death (16). Importantly, and
of even further interest open to speculation, is that healthy, resting T-cells
were resistant to the effects of CBD
and avoided cell death! These data provide provocative evidence for CBD as a
candidate for chemotherapy trials.

CBD-Induced
Mitochondrial Dysfunction
We now understand that not only
does CBD intercalate into the plasma
membrane, disrupting ion channels,
but it also activates internalization of
PM cholesterol which in turn destabilizes the ability of mitochondria to
manage its own calcium homeostasis
affecting multiple cellular processes
including Ca2+ signaling the downstream cell death. CBD also causes
the translocation of other membrane
proteins leading to decreased cellular
energy (ATP) production. At play here
is the translocation of a key mitochondrial membrane protein, hexokinase I
(HK1). Loss of functioning HK1 results
in the decoupling of glycolysis from
mitochondrial respiration through diminished transformation of glucose to
glucose 6-P (17). Through multi-omic
profiling in combination with fluorescence resonance energy transfer
(FRET)-based biosensor screening,
the Colorado group’s results confirm an earlier report by Alharris and
colleagues (2019) that CBD-induces
mitochondrial dysfunction (18).
Mitochondrial dysfunction leading
to apoptosis or cell death, reported in
the Colorado study, has also previously
been shown in pancreatic b-cells with
associated insulin resistance prior to
cell death a hallmark in type 2 diabetes
(19). Findings from another relevant
study this time involving neurons and
platelet-activating factor (PAF), which
is also influenced by calcium levels and PM cholesterol is worth citing
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here (20). PAF binds to its receptor
(PAFR) located in the PM and nuclear membrane which mobilizes Ca 2+ and
activates numerous signaling pathways
including inflammation, which can
result in cell death. If cells are treated
with statins or CBD to reduce the level
of cholesterol, then PAFR is displaced,
PAF doesn’t bind to its receptor and
neurons become resistant to apoptosis.
This is a significant finding in light of
another study where deletion of PAFR
in a mouse knockout experiment abolished the inflammatory response and
neuronal apoptosis caused by TBI (21).
As a side note, Etizolam, a benzodiazepine analog, is a PAF-receptor antagonist used to treat anxiety.

Far Reaching Implications
The widespread self-medication with
CBD, now accessible in a dizzying array
of consumables readily available to the
public, has preceded any clear understanding of the mechanisms behind
CBD’s apparent benefit across a wide
range of ailments. The far-reaching
cellular disruptions observed in the
Colorado study were corroborated by
transcriptomics, metabolomics, and
proteomics showing the downstream
impact from disruption in cholesterol
biosynthetic and regulatory pathways
including decoupling of glycolysis from
mitochondrial respiration, upregulation
in oxidative stress response, increase in
Ca2+ cytosolic levels, and the increased
production and storage of cholesterol
sensitizing cells to apoptosis making
cholesterol the effector molecule of
CBD across many intracellular pathways rather than any specific target.
The Colorado study has shown that
not all CBD effects on cells are beneficial. While there had been earlier reports from human clinical trials
of the now Food and Drug Administration (FDA)-approved CBD product,
Epidiolex, indicating that CBD treatment could lead to risk of liver injury as indicated by increased levels of
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aminotransferase activity and inhibition of P-450 (CYP) enzymes (22),
the molecular mechanisms of that potential toxicity were not fully understood (23).
It should be mentioned that the Colorado study was carried out on two
immortalized human cell lines: SK-NBE(2) neuroblastoma cells and HaCaT
human keratinocyte cells with CBD
treatment in the micromolar range
which would be less than the prescription dosing of Epidiolex, but probably more than self-administered CBD
dosing. Their analyses based on transcriptomics showed that the enriched
transcription factors shared oxidative
stress as a stimulus, resulting in upregulation of oxidative stress response including fatty acid and cholesterol biosynthetic gene transcripts. It was
known that CBD upregulates mRNA
transcripts in microglial cells involved
in fatty acid metabolism and cholesterol biosynthesis (24). This alteration in
fatty acid metabolism was also shown
in a mouse chronic alcohol feeding
study where CBD reduced the infiltration of liver cells with fat, a distinct
benefit (25).
If anything, this study has brought
attention to the need for basic research on cannabinoids and the biological systems they effect to clarify why
endocannabinoids are synthesized locally on an as needed basis in nanomolar amounts and then are quickly
degraded. Fundamentally, the endocannabinoid system presents a unique
opportunity to look at how a lack of
essential nutrients, specifically lipid-based foods, or an overabundance
of low-quality nutrient intake impacts
synaptic plasticity and resulting outcomes in physical and mental health.
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