in this issue
ANALYTICAL

In Search of the Golden
Potency Method

CULTIVATION

Get Green for Greening
Your Grow: Utility
Efficiency Programs
for Cannabis

EXTRACTION

How are THC Isomers
Entering the Market?

j a n u a r y/f e b r u a r y 2 0 2 2 | v o l 5 n o 1
●

Optimal Dilution
of Tween 20
for the Determination
of Enterobacteria
and Total Yeast
and Mold on
Cannabis Concentrate
RESEARCH

Cannabis Research Is Cannabis Science
MANUFACTURING/ PROCESSING

Mycology 101: Understanding Mold
as a Threat in the Cannabis Industry
INDUSTRY TRENDS

Reaching a Higher Dimension:
Dr. Alison Draisin Discusses Psychedelics

www.cannabissciencetech.com

WE ARE CANNABIS MICROBIOLOGY
And we’re ready
when you are.
In this industry, you need
a partner you can rely on.
Hardy has been working
for 41 years to build
partnerships and innovate
new and better products for
microbiology testing.
With our experience
across industries, premium
products, and unmatched
customer and technical
service, we’re the perfect
match for your cannabis
testing needs.

• Since
100%

Cat. no. 54084
CompactDry™ Yeast Mold Rapid
Results in 48 to 72 hours!

1980 • HardyDiagnostics.com/Cannabis

Employee Owned

Made in the

USA

ISO 13485

The Quality Management System at
the Hardy Diagnostics manufacturing
facility is certified to ISO 13485.

Green
Business

Santa Barbara County

4 8 5F US Highway One Sout h, Suite 2 10 | Iselin, NJ 08 8 30 | 609.7 16 .7 7 7 7

MLheureux@mjhlifesciences.com

Madeline Colli
Editor

Stephanie Shaffer
Group Publisher

MColli@mjhlifesciences.com

SShaffer@mjhlifesciences.com

Mark Davis
Director of Sales

Erin McEvoy
Assistant Editor

EMcevoy@mjhlifesciences.com

MDavis@mjhlifesciences.com

Timothy Edson
Account Executive

TEdson@mjhlifesciences.com

Michael Howell
National Account Associate

MHowell@mjhlifesciences.com

Edward Fantuzzi
Sales Director

EFantuzzi@mjhlifesciences.com

Brianne Molnar
Sales Manager

BMolnar@mjhlifesciences.com

Oliver Waters
Sales Manager

Alissa Marrapodi
Custom Content Writer
AMarrapodi@
mjhlifesciences.com

Josh Crossney
Contributing Editor
josh@jcanna.com

Brianne Pangaro
Senior Marketing Manager

Allow four to six weeks for change.

Ariana Mexquititla
Graphic Designer

Cannabis Science and Technology (Print ISSN: 2643-8844, Digital
ISSN: 2643-8852) is published 9 times/year by MultiMedia
Healthcare LLC, 2 Clarke Drive, Suite 100, Cranbury, NJ 08512.

Gwendolyn Salas
Senior Art Director
Melissa Feinen
Creative Director, Publishing

Liz McLean
Sales Executive

Alexa Rockenstein
Permissions

Michael Kushner
Senior Director, Digital Media
MKushner@mjhlifesciences.com

LGilardi@mjhevents.com

Anita Bali
Senior Project Manager

ABali@mjhlifesciences.com

Sabina Advani
Senior Digital
Production Specialist

SAdvani@mjhlifesciences.com

Kaylynn Chiarello-Ebner
Managing Editor,
Special Projects

KEbner@mjhlifesciences.com

Melissa Stillwell
Marketing Director

MStillwell@mjhlifesciences.com

Stacy Argondizzo
Audience Development
SArgondizzo@
mjhlifesciences.com

corporate

President & CEO
Mike Hennessy, Jr
Chief Financial Officer
Neil Glasser, CPA/CFE

Lindsay Gilardi
Senior Virtual
Program Managerr

Chief Operating Officer
Michael Ball
Chief Marketing Officer
Brett Melillo
Executive Vice President,
Global Medical Affairs &
Corporate Development
Joe Petroziello
Senior Vice President,
Content
Silas Inman
Vice President, Human
Resources & Administration
Shari Lundenberg
Vice President, Mergers
& Acquisitions
Chris Hennessy
Executive Creative Director,
Creative Services
Jeff Brown

C.A.S.T. DATA AND LIST INFORMATION: Contact Melissa Stillwell,
e-mail MStillwell@mjhlifesciences.com.
REPRINTS: Reprints of all articles in this issue and past issues of
this publication are available (500 minimum). Licensing and Reuse of
Content: Contact Stephanie Shaffer about available usages, license fees,
and artwork at SShaffer@mjhlifesciences.com for more information.
INTERNATIONAL LICENSING: Contact Alexa Rockenstein,
e-mail ARockenstein@mjhlifesciences.com.
© 2022 MultiMedia Pharma Sciences LLC All rights reserved. No part of this
publication may be reproduced or transmitted in any form or by any means,
electronic or mechanical including by photocopy, recording, or information
storage and retrieval without permission in writing from the publisher. Authorization to photocopy items for internal/educational or personal use, or the internal/educational or personal use of specific clients is granted by MultiMedia
Pharma Sciences LLC for libraries and other users registered with the Copyright Clearance Center, 222 Rosewood Dr. Danvers, MA 01923, 978-750-8400 fax
978-646-8700 or visit http://www.copyright.com online. For uses beyond
those listed above, please direct your written request to Permission Dept.
e-mail: ARockenstein@mjhlifesciences.com
MultiMedia Pharma Sciences LLC provides certain customer contact data
(such as customer’s name, addresses, phone numbers, and e-mail addresses)
to third parties who wish to promote relevant products, services, and other
opportunities that may be of interest to you. If you do not want MultiMedia
Pharma Sciences LLC to make your contact information available to third parties for marketing purposes, simply e-mail mmhinfo@mmhgroup.com and a
customer service representative will assist you in removing your name from
MultiMedia Pharma Sciences LLC lists.
Cannabis Science and Technology does not verify any claims or other information appearing in any of the advertisements contained in the publication, and
cannot take responsibility for any losses or other damages incurred by readers
in reliance of such content.
To subscribe, e-mail mmhinfo@mmhgroup.com.

MEMBER

%

Po

ycled P
Rec
a

r
pe

INDUSTR
ABIS
Y
NN

10-20%

cannabis science and technology ®  |   vol 5. no. 1

POSTMASTER: Please send address changes to CANNABIS
Science and Technology, PO Box 457, Cranbury, NJ 08512-0457.
Return Undeliverable Canadian Addresses to: IMEX Global
Solutions, P. O. Box 25542, London, ON N6C 6B2, CANADA.
Canadian G.S.T. number: R-124213133RT001. Printed in the U.S.A.

IATION
SOC
AS

Founder
Mike Hennessy Sr
1960-2021

4

CHANGE OF ADDRESS: Send change of address to Cannabis Science
and Technology, PO Box 457, Cranbury, NJ 08512-0457; alternately, send
change via e-mail to fulfill@mjhassoc.com or go to the following URL:
http://mmhpubs.mmhgroup.com/Welcome.aspx?pubid=CNST

BPangaro@mjhlifesciences.com

OWaters@mjhlifesciences.com

LMcLean@mjhlifesciences.com

SUBSCRIPTIONS: For subscription and circulation information:
Cannabis Science and Technology, PO Box 457, Cranbury, NJ
08512-0457, or e-mail mmhinfo@mmhgroup.com. Deliver y of
Cannabis Science and Technology outside the United States is
14 days after printing.

50

MTessalone@
mjhlifesciences.com

MANUSCRIPTS: To discuss possible article topics or obtain manuscript preparation guidelines, contact the group editorial director at:
MLheureux@mjhlifesciences.com. Cannabis Science and Technology
welcomes unsolicited articles, manuscripts, photographs, illustrations, and other materials but cannot be held responsible for their
safekeeping or return. Every precaution is taken to ensure accuracy,
but Cannabis Science and Technology cannot accept responsibility
for the accuracy of information supplied herein or for any opinion
expressed.

rW
aste

Megan L’Heureux
Group Editorial Director

NATIONAL C
A

Michael J. Tessalone
Senior Vice President,
Industry Sciences

s t C s u me
on

cannabissciencetech.com

editorial advisory
board members

cannabis science and technology®
j a n u a r y/f e b r u a r y | v o l 5 • n o 1

SUSAN AUDINO
S.A.Audino & Associates, LLC

ADAM JACQUES
AgSense Consulting LLC

ALLEGRA LEGHISSA
Shimadzu France

DOUGLAS DUNCAN
PuEr Laboratory

AUTUMN KARCEY
Cultivo, Inc.

WILLIAM LEVINE
CannRx Technology Inc.

KATE EVANS
Longboard Consulting

BENJAMIN A.
KATCHMAN
PathogenDx Inc.

ANTHONY MACHERONE
Agilent Technologies,
Johns Hopkins University
School of Medicine

JACKLYN GREEN
Agate Biosciences
JACK HENION
Henion Enterprises
ZAC HILDENBRAND
Inform Environmental, LLC

JULIE KOWALSKI
JA Kowalski Science
Support LLC
EBERHARDT KUHN
Shimadzu Scientific
Instruments

DAVID L. NATHAN, MD,
DFAPA
Princeton Psychiatry
& Consulting, LLC

KEVIN SCHUG
Department of Chemistry &
Biochemistry, The University
of Texas at Arlington
BRIAN SMITH
Big Sur Scientific
KATHERINE STENERSON
MilliporeSigma
CHRIS WEST
ZED Therapeutics

JUMAR PASION
SPNCR3, LLC

Cannabis Science and Technology ®’s Editorial Advisory Board is a group of distinguished individuals assembled to help the
publication fulfill its editorial mission to educate the legal cannabis industry about the science and technology of analytical
testing and quality control. With recognized expertise in a wide range of areas, board members perform various functions, such as
suggesting authors and topics for coverage, reviewing manuscripts, and providing the editor with general direction and feedback.
We are indebted to these individuals for their contributions to the publication and to the cannabis community as a whole.

cannabissciencetech.com

january/february 2022  |   cannabis science and technology ®

5

contents
cannabis science and technology®

|

j a n u a r y/ f e b r u a r y 2 0 2 2

■C
 ANNABIS ANALYSIS

10

In
 Search of the Golden Potency Method

|  
vol 5 • no 1

32

on the cover:

Fukume / adobestock.com

BRIAN C . SMITH

A discussion on the selection of a “golden” potency method including what
this method should look like, how we should go about choosing it, and more.

■E
 XTR ACTION SCIENCE

14

How
Are Tetrahydrocannabinol—THC—Isomers

Entering the Market?
LO FRIE SEN

THC isomers are defined and discussed to better understand where they
come from, how they are produced, and how they are being distributed

■C
 ULTIVATION CLASSROOM

et Help Greening Your Grow: Utility Efficiency
16 GPrograms
Supporting Cannabis Cultivators
GRE TCHEN SCHIMELPFENIG AND L AUREN MORLINO

Learn about the diverse kinds of support cannabis growers can get from utilities
and efficiency programs for efficient lighting, HVAC, and controls approaches

■ NAVIGATING THE LABYRINTH:
CHALLENGE S IN THE C ANNABIS L ABOR ATORY

20

Chromatography, Part II:

Looking with Light: Understanding Gas
PATRICIA ATKINS

Sample Introduction and Inlets

Understand the function and chemistry of GC systems and how to
adapt that function and methodology to our own analyses.

■ CANNABIS CROSSROADS

eaching a Higher Dimension: Conversation
30 Rwith
Dr. Alison Draisin, Leading Assisted
Psychedelic Psychotherapist
JOSH CROSSNE Y

Dr. Alison Draisin discusses her work at the forefront of cannabis
assisted psychotherapy and psychedelic assisted psychotherapy.

■ PEER-REVIEWED ARTICLE

Dilution of Polysorbate (Tween) 20 for
32 Otheptimal
Determination of Enterobacteria and Total
Yeast and Mold on Cannabis Concentrate
ANTHONY J. REPAY AND W YAT T J. TARTER

In this study, E. coli 0157:H7 served as the model for enterobacteria and
C.albicans served as the model for total yeast and mold. It was determined
that, when utilizing Tween 20 to aid in the emulsification of concentrated
cannabis, no more than 3% of Tween 20 to dilution should be added.

features

38 Cannabis Research Is Cannabis Science
MICHELLE FINZEL

Results from a small, quantitative study conducted on
behalf of Cannabis Science and Technology.

6

cannabis science and technology ®  |   vol 5. no. 1

40

 annabis Cultivation Quality
C
Assurance 2.0: Starting Clear,
Staying Clean
JOHN BRUNS TEIN

This article outlines why multiple testing modes
are important, what to look for in third party test
providers, and how a cultivator can evaluate these
potential providers both at the outset and in an
ongoing manner for accuracy and reliability.

utoflowering Genetics Present
46 AUnique
Opportunities
ADA M JACQUE S, CHRIS TIAN WE S T, AND
Z AC ARIAH HILDENBR AND

In this piece, we touch on the benefits and challenges
associated with autof lowering genetics, and provide
justification for why these unique varietals may be the
catalyst for making cannabis medicine more accessible
and approachable for the general population.

101: Understanding Mold
50 Masycology
a Threat in the Cannabis Industry
EMILIA RICO

What is mycology and why is it important
to the cannabis industry?

ow Does Carbon Dioxide
52 HEnrichment
Affect
Environmental Control?
SA MUEL BURGNER

Here, we explain how plant-growth parameters
interact with carbon dioxide content in grow
room air and how cultivators can best apply
this knowledge to their commercial cannabis
production facilities or research programs.

DEPARTMENTS

05 Editorial Advisory Board
08 In Memoriam
cannabissciencetech.com

The Future of Growth is Here
The
of Growth
is Here
GrowFuture
smarter with remote
monitoring and control
from
anywhere
at anytime.and control from
Grow smarter with
remote monitoring
anywhere at anytime.

Agrify’s fully integrated, data-driven cultivation and extraction solutions deliver the
insights, control and efficiency you need to produce consistent and high quality
Agrify’s fully integrated, data-driven cultivation and extraction solutions deliver the
cannabis products at a massive scale.
insights, control and efficiency you need to produce consistent and high quality
cannabis products at a massive scale.

Visit Our Website to Learn More
Visit Our Website to Learn More

@agrifycorp
sales@agrify.com
@agrifycorp

www.agrify.com
sales@agrify.com
www.agrify.com
(617)
896-5243
(617) 896-5243

from the

publisher
In Memoriam

Michael J. Hennessy Sr.
Chairman/Founder
MJH Life Sciences
1960-2021

8

MICHAEL J. HENNESSY, Sr. was the beloved chairman and CEO of MJH Life Sciences, parent company
of Cannabis Science and Technology.
Hennessy spent his career turning his passion for
building businesses and creating jobs into a run of
successful ventures and brands. Following his graduation from Rider University in 1982, he started his
career in medical publishing as a sales trainee. In
1986, Hennessy became chief operating officer of
Medical World Business Press, which was part of
the launch of medical newspapers and other media
products. The company prospered and was eventually sold to a Boston-based venture capital firm.
Hennessy launched Multimedia Healthcare, LLC,
in 1993 and built a portfolio of award-winning clinical journals. In 2001, Freedom Communications, Inc.
acquired Multimedia Healthcare, about the time
that Hennessy was pioneering a new approach to
print and digital publishing with Intellisphere, LLC
(now part of MJH Life Sciences). Guided by the principles of innovation and entrepreneurial spirit, and
reflecting its founder’s dedication to improving
quality of life through healthcare research and education, Intellisphere published a variety of integrated print and digital products focusing on a range of
topics in research and clinical medicine.
To build a comprehensive multimedia and education platform, Hennessy added additional companies
and capabilities to the MJH Life Sciences portfolio.
In 2004, he acquired Healthcare Research Analytics,
which has been the leader in healthcare market research for over 30 years. In 2005, Hennessy acquired
ArcMesa Educators, LLC, leaders in online certification for physicians, pharmacists, nurses, and other
health care professionals. Reflecting his lifelong interest in politics, Hennessy acquired Campaigns &
Elections magazine in 2005, publishing the journal
through Political World Communications, LLC. He
sold the publication to Biteback Media Ltd. in 2011.
In February 2008, Hennessy acquired the rights
to the journals Pharmacy Times and The American
Journal of Managed Care, both recognized in their
respective markets as authoritative, trusted media
platforms that provide essential information to a
large audience of health care professionals.
In April 2011, MJH Life Sciences acquired Physicians’ Education Resource, LLC (PER), an accredited continuing medical education company that is
an industry leader in producing high-quality, firstrate oncology and hematology meetings and conferences. The PER acquisition included a variety of
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multichannel enduring educational activities, as
well the rights to legacy medical meetings, such
as the annual Miami Breast Cancer Conference.
Hennessy’s commitment to improving the lives of
patients with cancer is deeply rooted within the halls
of MJH Life Sciences. As a complement to the industry leading OncLive platform, he developed the Giants of Cancer Care awards to recognize the leaders and pioneers who often go unrecognized for their
contributions to advancing oncology care. He further strengthened his commitment to education by
acquiring CURE Media Group in 2014, followed by the
purchase of the Chemotherapy Foundation Symposium, in his quest to provide oncology professionals
with focused education on innovative cancer therapy.
In 2019, MJH Life Sciences made its largest acquisition to date when it acquired the Healthcare and Industry Sciences divisions of UBM Medica, nearly doubling the size of the organization and adding legacy
titles such as Medical Economics and Pharmaceutical Executive to his already impressive portfolio. This
acquisition made the organization the largest independently owned medical communications company in North America. In addition to acquisitions,
Hennessy organically developed ancillary in-house
agency divisions with Proximyl Health, Truth Serum
NTWK, and MJH Global Medical Affairs.
Later in 2019, Hennessy elevated his own role to
Chairman while naming his son, Mike Hennessy, Jr.
to assume the leadership role of the organization
and carry on the family legacy. Under Mike Jr.’s leadership, the company enhanced its global potential
by entering into a long-term partnership with BDT
Capital Partners, LLC in November 2021.
Due to his broad business and educational experience and understanding of the challenges facing New Jersey, Hennessy’s counsel and insight had
been sought by several organizations, including his
alma mater Rider University, where he served on the
Board of Trustees and was elected to the executive
committee. In addition to being active in state and
national politics, Hennessy also had a long record of
service at the local level, where he was a strong advocate for veterans and environmental issues.
Hennessy was preceded in death by his wife, Patrice Hennessey, who bravely battled cancer for almost 10 years until her death in January 2020. Hennessy donated $4 million to Rider University to
expand the Science and Technology Center at their
alma mater. The Mike & Patti Hennessy Science and
Technology Center is set to be completed in 2022.
cannabissciencetech.com
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cannabis analysis

In Search of the Golden
Potency Method
By Brian C. Smith

G

iven the ongoing inter-laboratory variation problem in the
cannabis industry, I have mentioned in previous columns the
need for the selection of a “golden” potency method. In this column, I will
discuss what this method should look
like, how we should go about choosing
it, and make a case for what I believe is
the best chromatography-based potency method available.

The Myth of Accuracy
in Cannabis Potency
Measurements
In previous papers and columns, I have
written about the problem of inter-laboratory variation, where sending the
same cannabis sample to different
laboratories gives significantly different results (1–3). I discussed the many
causes of this problem, including lack
of a standardized method, insufficient
training, inconsistent oversight, and
the lack of matrix reference materials
(2). Matrix reference materials consist
of the same matrix as the sample but
contain known amounts of the analytes
of interest. For example, a dried, ground
hemp sample with known amounts of
total tetrahydrocannabinol (THC) and
total cannabidiol (CBD) would be an
example of a matrix reference material.
Recall that the definition of accuracy
is how far away you are from the true
value (4). For non-cannabis industries
the US National Institutes of Standards
and Technology (NIST) provides matrix
reference materials. Although NIST
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is working on issuing cannabis matrix
reference materials (5), they are years
away from providing these materials,
and the continued illegality of THC at
the Federal level limits their ability to
do certain things.
Given the lack of industry standard
matrix reference materials, this means
we have no cannabis potency true answer. This is why I contend that the concept of accuracy in cannabis potency
analysis is a myth. What we can calculate is precision, which is a measure of
the spread in a set of measurements (4).
By performing reproducibility studies, a
precision value can be used to ascertain
the quality of a high performance liquid
chromatography (HPLC) potency method, but it means one can only compare
numbers obtained with that particular
method to each other. Results obtained
with different methods cannot be compared because again we have no true values to use as a basis for comparison.
In a previous column (3), I suggested
a number of solutions to the inter-laboratory variation problem. One of these
was the designation of a consensus
HPLC potency method that I dubbed
the “Golden Method” (6). The problem
we are trying to solve here is given the
lack of cannabis matrix reference materials and true answers, we need a consensus way of determining true values
so we can legitimately compare results
across methods and laboratories.
Ideally, some government regulatory body or industry organization would
denote a specific HPLC instrument and

cannabis science and technology ®  |   vol. 5 no. 1

cannabis potency method to be “Golden.” This instrument and method’s results would be considered the “true” value, and we would compare the quality of
all other instruments and methods with
respect to the golden instrument and
method. Hopefully, all cannabis laboratories would adopt the Golden Method, which would go a long way towards
alleviating the inter-laboratory variation problem. Alternatively, if a laboratory found their method gave systematic differences between their results and
the Golden Method, they would simply
correct their results to match those of
the Golden Method. If appropriate matrix reference materials were available,
laboratories would be free to use whatever potency method they like so long
as it gave results consistent with the
known values in matrix reference materials. Until this happens, I strongly urge
the industry to adopt my Golden Method strategy.

What Would a Golden
HPLC Potency Method
Look Like?
By necessity samples injected into a
chromatograph must be in liquid form.
This presents a challenge for analyzing
solid samples like cannabis biomass,
hence the need to extract the analytes
from solids. I have roamed the United
States over the last 10 years visiting
dozens of cannabis laboratories and
observing how they perform their
chromatographic potency analyses. The
greatest variability I saw was in sample
cannabissciencetech.com
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extraction. The sample size, grinding
method, solvent, and mixing conditions
all varied from laboratory to laboratory
(6). This means even though a given
extraction may give consistent results,
variations of extraction methods across
laboratories to different laboratories
having extraction efficiencies. That is,
each laboratory will extract a different amount of analyte from the same
sample. No wonder then that different
laboratories get different results on the
same sample.
What is the solution to this problem?
Strictly controlling grinding, mixing,
solvent, and so on is one way, but there
may be a simpler answer. Something
that has always bothered me about
chromatography extractions is that
it is assumed that the extraction gets
all the analyte out of the sample even
though I rarely see data supporting this
fact in the chromatographic literature.
The only way we can know if all competing extraction methods extract the
same amount of analyte from the same
samples is to do side by side comparisons; that is, perform the needed experiments. This of course takes time,
energy, and money, which I doubt the
cannabis analysis community is willing
to commit.
The only way we can ensure that all
extraction methods have the same extraction efficiency is to use methods
that extract to exhaustion. That is, extract until you know you have gotten all
the analyte out of the sample. The purpose of any potency method is to tell
you the chemical composition of the
sample in your hand. By not using extraction methods that get all of the analyte out of the sample, you are guaranteeing that the result you obtain is not
representative of the sample being analyzed. A given extraction method may
give consistent results because it always
pulls the same percentage of analyte out
of a sample, but if you don’t know you
cannabissciencetech.com

are getting it all how can you say you
have correctly determined what is actually in the sample?
How then do we extract to exhaustion? One way is to take a single sample, extract it multiple times, and then
measure the potency of the extracts
obtained. At some point the amount of
analyte will go to zero, and that will
tell you that you got it all. Then, an extraction based on these results must
be developed. Only by making sure all
extraction methods get out all the analytes all the time can we ensure that
HPLC results truly reflect the composition of our sample. The extraction to
exhaustion idea also simplifies things.
Any extraction method that gets all
the analyte out can be used, so laboratories are not forced to use a one size
fits all approach.

Orthogonal Techniques
as a Measure
of Calibration Quality
Chromatographers are rightfully proud
of quoting the accuracy of their cannabis potency calibrations, and some
impressive results have been obtained
(7–9). However, what many people don’t
realize is that these calibrations are
for pure cannabinoids in solution, and
the accuracy of these calibrations tells
us how well a method does on these
idealized samples, but nothing on how
well the method does on actual cannabis
samples. This information is only available from matrix reference materials,
which I have indicated do not yet exist
for the cannabis industry.
Given that accuracy is a myth in cannabis potency analysis, how then do we
compare HPLC potency methods to select the Golden Method? In analytical
chemistry orthogonal methods are methods that perform the same analysis but
are independent of each other. For example, gas chromatography (GC) and
liquid chromatography are examples of

/

cannabis analysis

orthogonal cannabis potency methods.
Thus, results from orthogonal methods
can be used as sanity checks on established analytical methods.
What orthogonal method should be
used as a calibration check of HPLC
cannabis potency methods? GC could
be used, but my own experience has
shown that since cannabinoids decarboxylate to a variable extent inside a
GC, there are uncontrollable differences between HPLC and GC values on the
same samples.
Ideally then the orthogonal method
would have little or no sample preparation so this variable is removed from
the method-to-method comparison of
results. A technique that fits this bill
is infrared (IR) spectroscopy (10). Despite the assertions of some misguided
chromatographers, IR spectroscopy is
quantitative and this has been known
for more than 70 years (11). It has been
shown that this technology accurately measures cannabinoids and terpenes in cannabis plant material (12–
14), extracts (15,16), distillates (1), and
tinctures (17). The beauty of IR spectroscopy is that when utilized with
the attenuated total reflectance (ATR)
sampling technique (10) there is no
sample preparation for liquids such as
cannabis extracts, distillates, and tinctures; and for dried biomass the only
sample preparation needed is grinding (13,14). The point is that the sample
does not need to be extracted for IR
analysis, removing sample preparation
variation from the analysis. Assuming
IR spectroscopy is an independent and
unbiased method compared to HPLC,
it is a good choice as an orthogonal
method to test the quality of different
HPLC methods. Experimentally, this
would involve measuring a series of
samples on an HPLC, then by IR spectroscopy, and plotting the data versus
each other to determine the quality of
the correlation.
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In unpublished work, I have use IR
spectroscopy as an orthogonal method to test the quality of several different HPLC potency methods at laboratories across the US. I have found
the best correlation between IR spectroscopy and HPLC using the method of Guise and colleagues originally
published in the Journal of AOAC International in 2015 (7). I have used data
from several laboratories running this
method and measured the correlation
between HPLC and IR data, and the
Guise method has consistently produced the best results. I think this is
due in part to the thorough extraction
process they use. Based on these results, I strongly recommend the cannabis analysis industry adopt the Guise
method as the Golden Method. Given
that IR will always be faster, easier, and
less expensive than IR, it would behoove the industry to choose a golden
HPLC method, calibrate IR spectrometers with this method, and then use IR
to measure potencies going forward.

What About Other
HPLC Methods?
I realize that different entities including the Association of Official Analytical Chemists (AOAC) (18), American
Society for Testing Materials (ASTM)
(19), the American Herbal Pharmacopeia (AHP) (20), and the United States
Pharmacopeia (USP) (21) have or are
working on promulgating chromatography based cannabis potency methods.
My concern here is that these methods
are different from each other, and thus
are bound to produce different results.
The only way to harmonize these methods is to run a set of matrix reference
materials by each method, materials that
do not yet exist. Rather than waiting for
these samples to come along, and wait
for the harmonization of methods to
take place, the industry should adopt the
method of Guise as discussed above.
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Conclusions
Inter-laboratory variation is a continuing problem in the cannabis analysis
business. It is caused in part by a lack of
appropriate matrix reference materials.
Because of this, accuracy in cannabis
potency analysis is a myth. A solution to
this problem is for the industry to agree
on using a consensus cannabis potency
HPLC method I have dubbed the Golden
Method. This method will provide us with
“true” values until appropriate matrix reference materials are available. Orthogonal
methods such as IR spectroscopy can be
used in helping pick the Golden Method.
Using this technology, I have found that
the HPLC method of Guise and colleagues is the best, and I recommend the
industry adopt this as the Golden Method
for cannabis HPLC potency analysis.
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How Are Tetrahydrocannabinol—
THC—Isomers Entering
the Market?
By Lo Friesen

Most cannabis consumers have heard of tetrahydrocannabinol (THC) and many even know the term Delta-9 THC.
However, the recent surge in other versions of THC is generating confusion among everyone from the general
public to the federal government. In this article, THC isomers will be defined and discussed to better understand
where they come from, how they are produced, and how they are being distributed.

T

etrahydrocannabinolic acid, also
known as THCA, is the dominant compound produced by the
cannabis plant. When heated and
consumed the THCA converts to THC.
THC is the compound that interacts
with the endocannabinoid system and
produces the euphoric cannabis “high.”
THCA and THC are both predominantly produced by the cannabis plant as delta-9. However, using various methods,
the THC molecule can be converted into
other arrangements called isomers.
I·so·mer / īsəmər/: Two or more compounds with the same formula but a
different arrangement of atoms in the
molecule and different properties.
Delta-8 THC, delta-9 THC, and delta-10 THC are all isomers (Figure 1) .
This small change in arrangement of atoms will cause the molecule to interact
differently with the endocannabinoid receptors. While the molecules are very similar, the slight change in interaction with
the endocannabinoid system will result
in a completely different physiological effect. The intoxicating “cannabis high” or
euphoria is associated with delta-9 THC.
Whereas anecdotal reports on the physiological effects of delta-10 have mainly
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mentioned energy and focus, similar to
caffeine. Reports have acknowledged that
delta-8 THC produces a slightly relaxing
high, but is short lived and significantly
less potent than delta-9 THC.
There is evidence demonstrating that
THC isomers are naturally found in the
cannabis plant at supremely low concentrations. However, the cannabis plant has
mainly been bred for genetics that produce high quantities of delta-9-THCA. To
achieve high concentrations of these isomers, delta-9 THC or cannabidiol (CBD)
must undergo a process to convert the
compound from THC or CBD into delta-8
THC or delta-10 THC. The hemp market
has become flooded with products that
are “hemp-derived” but contain high levels of delta-8 or delta-10 THC. Consumers are accessing unregulated hemp-derived psychotropic products online and in
brick and mortar stores, which has regulatory agencies across the country baffled
by how this is happening.
Using chemical synthesis, these molecules can be manipulated to convert
them into the desired end products.
Chemical synthesis can yield much
higher concentrations of these isomers
at a much higher rate of efficiency than
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the plant naturally produces. So, hemp
and CBD manufacturers are turning
to chemical synthesis by using various
solvents and acids to synthesize these
isomers. However, some operators are
using temperature and pressure to manipulate these compounds.
Since the passing of the Farm Bill in
2018, CBD- and hemp-based products
have grown exponentially within marketplaces across the US. These products can
be found anywhere from Saks Fifth Avenue to the local gas station, touting the
myriad of benefits of hemp and CBD. THC
isomers have become front and center in
the media as they are rapidly growing in
popularity among consumer goods.
As media coverage sheds light on the
processes used to produce THC isomers
from hemp, industry members, consumers, and governing bodies are becoming
concerned. Their concerns are stemming
from a lack of understanding related to
whether or not operators are equipped to
properly handle these solvents and acids.
An important step for producing consumer products is ensuring that there
are no harmful chemicals in the end
product prior to releasing the product
to market. Are these manufacturers able
cannabissciencetech.com
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to properly remove all residual solvents
from the synthesized product? Are there
harmful byproducts being produced and
remaining in the final product? Are these
operators equipped to test for these
harmful chemicals and by-products?
These are all questions that surround
these newly released products made with
THC isomers from hemp.
In September 2021, the US Food and
Drug Administration (FDA) issued a
statement on the risks of delta-8 THC.
Since the statement, several states have
banned or issued guidance on how they
will regulate these products and the
distribution of them. Without regulation in the hemp and CBD market, manufacturers are not required to test for
these residual solvents or by-products
in the end consumer good. Consumer
safety is of the utmost importance and

yet consumers are often unaware of the
potential risks involved with these unregulated products. There will be a shift

/
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in the market, whether forced or voluntary, but it is unclear at this time how
the market will change.

Figure 1: Examples of THC isomers.
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Get Help Greening Your Grow
Utility Efficiency Programs Supporting
Cannabis Cultivators
By Gretchen Schimelpfenig and Lauren Morlino

Learn about the diverse kinds of support cannabis growers can get from utilities and efficiency programs for
efficient lighting, heating, ventilation, and air conditioning (HVAC), and controls approaches. In the US there are
hundreds of efficiency programs specialized to support cultivation operations and enable operators to install
high-performance building systems and equipment with lower first costs. Understand the ways indoor cultivators
and greenhouse growers alike can get technical assistance and financial support for efficient equipment. Learn
how you can plan capital projects while engaging with efficiency programs to maximize incentives for highperformance technologies and strategies.

Understand the Ways Programs
Support Cultivators

C

annabis cultivators across the United States and
Canada can receive free support from energy efficiency programs. Energy efficiency programs are sometimes housed within an energy supplier as part of a
utility or, in other cases, are administered by third parties
called implementers.
Efficiency programs spend ratepayer money to improve resilience and affordability of energy supply and efficiency, and
to align with state policy goals such as greenhouse gas emissions reductions. Program offerings include technical assistance and financial incentives for energy efficiency projects.
Technical assistance can include energy education, design guidance, energy modeling, and review of equipment
choices. Financial incentives on efficient technologies can
vary dramatically from one market to the next, and their
support can drastically affect payback periods of efficiency projects (1).
Resource Innovation Institute (RII) is a non-profit organization committed to cultivating a better future for all of
humanity. Our consortium of members brings perspectives
from across the field—uniting architects and engineers,
growers and operators, researchers and analysts. Together,
we measure, verify, and celebrate the world’s most efficient
agricultural ideas. In this article, RII’s Technical Director and members of the organization’s Technical Advisory
Council working groups share perspectives on ways growers
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can make the most of technical and financial support from
utility efficiency programs (2,3).

Learn What Efficiency Technology Is Eligible
Programs helping cannabis cultivators have historically
incentivized efficient lighting and heating, ventilation,
and air conditioning (HVAC) equipment for indoor and
greenhouse facilities (4). RII Technical Advisory Council member Evergreen Consulting Group serves utilities
and energy organizations across the country by working
across the entire supply chain of market sectors including
efficient technology manufacturers, installers, utilities,
and their customers to ensure the best energy choices are
available and being utilized.
In the cultivation market, Evergreen has been supporting horticultural lighting projects in Oregon since 2017.
The cannabis industry started incorporating high-performance lighting technology once high market supply began
compressing wholesale prices and driving facility efficiency. “Now we’re on the forefront of working with light emitting diode (LED) solutions that can be tuned to maximize
growth for the needs of different crops at all growth stages.
Programs help design efficient lighting solutions that also
maximize yield,” said Lauren Morlino, Technical Manager
at Evergreen.
Efficiency programs in dozens of states are specialized
to work with horticultural facility operators. It can be
very valuable to have a designated controlled environment
cannabissciencetech.com
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agriculture (CEA) program as the cannabis market uses
unique technology. Evergreen has program specialists
and technical experts to help utilities implement these
complex custom incentives. “Growers really appreciate
when you have specialists on staff who can help growers’
crops thrive indoors, without sacrificing efficiency,” said
Morlino. “We can help growers holistically by supporting more technologies than just what is found in the cultivation space. Utilities have started to provide incentives
for equipment used in drying, curing, refrigerated storage,
and extraction laboratories.”

Get Valuable Assistance
In many states, growers can receive comprehensive design
services for free or at a discount from efficiency programs.
Programs offer this service so that the utilities can help
assess facilities for potential grid impacts and efficiency
opportunities. Some utilities and efficiency programs use
benchmarking tools like PowerScore to create performance
snapshots of facilities during design to estimate key perfor-
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mance indicators and inform equipment selection (5). As
you work with efficiency program partners, engage qualified
and credentialed engineers and technology specialists such
as mechanical designers or lighting manufacturers who provide layouts, specification sheets, and sizing for equipment.
Some CEA implementation experts like Evergreen work
hand-in-hand with utilities to bring in subject matter experts
and help growers with complicated aspects of cultivation operations. In some locations—for example, Utah and Michigan—Evergreen is involved early in the new construction
process. Close interaction with the growers through incentive programs and technical assistance lead to better planning and outcomes for both the grower and the utility. “We
have seen in several states, like Utah, that using HID fixtures
would have required the utility company to make a cost-prohibitive service upgrade at the customer’s expense. When
energy efficiency programs are involved early, customers
can receive incentives for LEDs and, at the same time, avoid
those additional start-up costs like grid infrastructure upgrades. All parties benefit,” said Morlino.
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Maximize Incentives
Grow facilities are complex buildings.
Utilities often need detailed technical information about your facility
and operation to adequately estimate
potential energy savings and calculate
incentives. To achieve the greatest financial support for high-performance
equipment such as LED lighting and
integrated controls, document what
you know about your facility and
capital projects so program staff can
assess operational efficiency and
offer projections of financial support
early in project planning. Your design
team members can work with your
program partners to provide project
details and ensure energy data is
accurately collected and used during
the incentive process.
Receiving incentives can be a
breeze when you work effectively with
utilities and efficiency program staff.
Efficiency program implementers like
Evergreen specialize in processing incentive paperwork, coordinating with
contractors, and issuing incentives
so the facility operators can focus on
making a profit.

Tips for Working
with Utilities
As you plan your new construction or
retrofit project in your indoor grow
or greenhouse facility, take advantage of the free services and financial
programs available from your electric
and gas utilities and the efficiency
programs implemented in your region.
Consider these tips as you get help
maximizing technical assistance and
financial incentives:
1. Engage utility and efficiency
program teams early.
2. T
 ake advantage of free assistance
during the design phase.
3. Maximize incentives for efficient
equipment and controls.
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4. Gather your project information
to ensure timely incentives.
5. B
 enchmark a typical year of facility performance to understand potential environmental
and business impacts of energy
consumption.
6. A sk utilities about their rates to
understand which are available for
your facility based on expected
usage and demand.
7. W
 ork with your utility to understand how you can reduce peak demand during certain times of the
day for additional savings.
8. Continue to benchmark and share
performance data to unlock additional incentives for efficiency and
productivity improvements.

guides on LED Lighting and HVAC for
Cannabis Cultivation at ResourceInnovation.org/Resources. Check out RII’s past
guest columns on their author page (7).
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Looking with Light:

Understanding Gas Chromatography,
Part II: Sample Introduction and Inlets
By Patricia Atkins

Gas chromatography (GC) is an important part of an analytical laboratory which has a long history of robust
function. In the past decades, the technology has improved and changed to accommodate a wide variety of
compounds and targets. In this edition of “Navigating the Labyrinth," we will seek to understand the functioning
and chemistry of GC systems and how to adapt that function and methodology to our own analyses. We will
take a deeper look into the chemistry, physics, and methodology of each piece of the GC system as we examine
the different components of it (form and function) to see what changes can be made to increase resolution,
efficiency, and produce better analyses.

I

n the last column, we looked at the
first phase of the gas chromatography (GC) system, the mobile phase
(1). The mobile phase for gas chromatography by its very name is a gas, whose
choice and quality can change the chromatography of the system. In this second
installment, we will continue to examine
the flow path of the GC system from the
point which samples enter the system—
the inlet and the flow controller.

Finishing Gases
with Flow Controllers
The transition point for gases and the
inlet is the flow controller which are
the values, regulators, and controllers
that facilitate the movement of gases
and samples together to the column.
Modern GC instruments have several ways to control gas flow into the
system, but the basic two modes are to
control for constant pressure (Pa), and
constant flow (v/s).
Carrier gas increases in viscosity as
the temperature of the GC system rises during a method. The gas wants to
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expand with the increase of temperature and the gas at the beginning of
the column will want to force its way
back out the head of the column as
temperatures rise. Gas near the center
of column will slow as the kinetic energy of the gas increases as it heats and
interacts with the column.
The initial GC systems were default constant pressure mode where
the force was applied at the start of the
column. For constant pressure mode,
the pressure at the head of the column
(head pressure) is fixed and as the sample moves through the column there
is less force, and the sample can slow
down. This type of mode can allow for
peak broadening in later eluting peaks.
A constant flow mode maintains a constant flow rate throughout the length of
the column as temperature increases.
Of the two techniques, constant pressure is simpler with less adjustments
to the injection port where a constant
flow requires a more sophisticated system with more user control of the flow.
Another disadvantage is the amount of
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pressure generated by the constant flow
mode, especially at the end of the higher temperature ramp. Systems need to
be able to accommodate the resulting
pressures and capacity, especially when
sample and solvent enter the equation.

Starting with
Sample Introduction
Most GC analyses target volatile organic compounds (VOCs). Some sources
group all volatile organic compounds
that have high vapor pressures and
boiling points less than 250 °C as VOC
or VOs. Other sources, such as the
World Health Organization (WHO),
divide the volatile compounds into very
volatile compounds (VVOC) with the
lowest boiling points, volatile organic
compounds (VOC) with mid-range
boiling points, and semi-volatile compounds (SVOC) with the higher range
of boiling points. (See Table I.)
The most common sample introduction technique uses an analytical syringe (usually composed of glass with
a needle) that withdraws up to several
cannabissciencetech.com
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Table I: Volatile organic compound designations (adapted from WHO & EPA)
Description

Abbreviation

Approximate Boiling
Point Range (°C)

Example Compounds

Very volatile organic compounds

VVOC

<100

Gases

Volatile organic compounds

VOC

50–260

Volatile solvents, fragrance compounds,
compounds with scent

Semi-volatile organic compounds

SVOC

>240

Pesticides, plasticizers

Table II: GC sample introduction techniques and their uses
Sample Introduction Device

Sample

Primary Targets

Sensitivity

Syringe and Liquid Autosampler

Gases and liquids

Any

Varies

Headspace (HS)

Liquids and solids

VVO

ppm

Purge and Trap (PT)

Aqueous liquids

VVO and VO

ppb

Thermal Desorption (TD)

Gases, liquids, and solids

VO

ppb

Solid Phase Microextraction (SPME)

Gases and liquids

VO

ppt

Pyrolysis

Liquids and solids

VO and SVO

ppm

microliters of sample and injects it into
the inlet or column. The syringe is either used to manually introduce the
sample or is attached to an autosampler which loads and injects samples
from a tray or rack of sample vials.
There are other types of sample introduction that employ different physical and chemical properties to deliver
the sample to the GC inlet depending
on the nature of the sample and analytical targets and the type of chromatography column being used. For the
purpose of this article, we will focus
on the most commonly used type of
modern GC column called a capillary
column. Capillary columns are small diameter tube-like columns where the
stationary phase is contained in a film
that coats the interior surfaces of the
capillary column as opposed to older
style packed columns which are packed
with stationary phases.
Sample introduction systems are designed to maximize the chemical and
physical properties of the sample and
the target analytes when direct injection by syringe is not feasible for the
sample form or matrix. Samples that
cannabissciencetech.com

are amenable to direct injection are in a
volatile matrix such as a volatile solvent
or gas and are able to vaporize in the injector. The target themselves must be
able to enter the column without evaporating before they reach the head of the
column or become coated in the injector where the sample will not reach the
column. When samples are in complex
matrices or less/more volatile than most
commonly used GC solvents, then other techniques such headspace, thermal
desorption, pyrolysis, or purge and trap
become necessary.
Headspace sampling (HS) is an autosampler based sample introduction
system primary used to determine
highly volatile compounds in liquids or
solids. Samples are placed in a temperature controlled and sealed vial which
allows the volatile compounds to be
vaporized into the open headspace of
the sample vial from which the injected sample is taken. This technique is
used for the analysis of very volatile
compounds such as fragrances, terpenes, volatile pollutants, and solvents.
Thermal desorption (TD) is a technique where compounds are collected

on a solid sorbent material to preconcentrate the sample, then quickly vaporized off the sorbent into the inlet.
TD is used in environmental testing and the monitoring of hazardous
gases and can be used in conjunction
with other sample introduction techniques such as headspace or pyrolysis. A related technique is solid phase
microextraction (SPME) where a coated fiber sorbent is introduced into a
sample to capture and concentrate
targeted analytes and then is inserted into the injection port for thermal
desorption.
Purge and Trap (PT) sampling is
most often used with highly aqueous
samples. PT is a combination of several sampling techniques including headspace and thermal desorption. Volatile
compounds are purged from a water-based sample into a dynamic headspace then are trapped on a sorbent
material. Finally, the sample is rapidly heated to discharge the sample into
the GC. This technique is used for a
variety of water-based samples including environmental pollutants, food,
and beverages.
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Table III: Typical split ratios and split flow rates
Column ID (mm)

Split ratio (min)
1:X

Split ratio (max)
1:X

Minimum split
flow (mL/min)

0.53

5

15

15

0.32

20

250

25

0.25

50

250

40

0.1

500

>500

150

Table IV: GC solvents and oven temperatures
Solvent

Boiling Point °C

Approximate Initial Oven
Temperature °C

Dichloromethane

36

Ambient

Methanol

61

25

n-Hexane

65

35

Ethyl acetate

69

40

Acetonitrile

77

45

Pyrolysis is used to produce volatile species from a nonvolatile sample.
Samples are heated to extreme temperatures from 500 °C to 1000 °C to create volatile fragments to be analyzed
by GC. This technique is mostly used
for complex matrices such as geological samples, polymers, solid, and biological samples.
The choice of sample introduction
is guided by the type of sample you
are analyzing and the level of quantitation you need to be able to produce.
(See Table II.)

Entering the Inlet
The inlet is part of the sample introduction system that is most often the
first place the sample enters the GC
system via the injection port. The injector or injection port is mounted to the
inlet through a liner and chamber leading to the head of the GC column and
introduces the sample and carrier gas
to the stationary phase located inside
the column. The purpose of the inlet is
to concentrate or focus the analytes of
interest into a band to produce sharp
peaks aiding in good resolution.
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There are many configurations of
sample injection ports and inlets depending upon sampling technique,
column type, or nature of the analytical sample. These configurations fall
into categories based on temperature
and introduction to the column. Flash
vaporization has sample injected into
a heated zone before the vapor passes to the column. On-column introduction (also known in some cases as
cool-on-column) injects a liquid sample at the head of the column, either
directly or into a space or void at temperatures below the boiling point of
the solvent matrix. This technique is
used for VVOC and VOC analyses and
can reduce the risk of sample decomposition in the injector but can also be
the source of column contamination
or possible overload.
The most common type of sample inlet for capillary systems uses flash vaporization of the sample in a heated zone of
the inlet in a split/splitless (S/SL) configuration. The liquid sample is injected into
the liner located in the heated zone of the
inlet. The heat volatilizes the sample and
matrix, and the sample is either pulled

cannabis science and technology ®  |   vol. 5 no. 1

entirely into the column by the carrier gas
(splitless) or portioned in a specified ratio with a portion going to the column and
the rest directed to the split valve (split).
The use of S/SL modes depend on the type
and concentration of the analytes in the
sample. Samples with high concentrations
(high ppm or %) often are run using split
mode where lower concentration samples
(low ppm or ppb) are more often run splitless. Even in the splitless mode, the split
value can be opened for a period of time to
purge interfering solvents or other interfering compounds.
Split mode is used for highly concentrated samples or samples with dirty
matrices. Typical split ratios range
from 1:5 to 1:500 and typical split flows
range from 15 to 150 mL/min depending on the column inner diameter (ID).
(See Table III.)
There are a number of potential considerations when using split mode.
First there is inlet discrimination,
where less volatile components do not
rapidly vaporize. Once the injection
enters the inlet there is a higher proportion initially of volatile compounds
(even higher than the original sample),
as time of the sample in the injector increases, the discrimination decreases
but the band of material broadens before entering the column. Another potential issue is called backflash, when
the vaporized sample expands quickly and exceeds the volume of the sample. This expansion can cause sample
loss or contact with active sites or cold
spots in the injector and promote condensation or ghost peaks in the analysis or subsequent samples. Reduction of sample size, increase in septum
purge, or increase in liner size can help
control backflash.
Splitless injections have the entire
sample flow through the injector. Some
of the considerations in splitless injections include solvent effects which
broaden peaks. The sample can be refocused by solvent refocusing and cold
cannabissciencetech.com
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Figure 1: Sample introduction selection guide.

Sample
Form or
Concentration

Analytical
Target

VVO
or
VO

Thermal
Stability

Multiple

VO, SVO
or
Nonvolatile

Purge & Trap (liquids), Headspace
& Thermal Desorption

Unstable

Neat
or
Concentrated
Liquids

Sample
Introduction
Technique

Boiling
Point

Low
Split

High

Stable

On-Column

Unstable

PTV

Stable

Dilute
Liquids

Low

Unstable

Splitless

High
Solids

Stable

Pyrolysis

Table V: Inlet types and typical parameters
Type

Inlet Temp.

Sample Deposition
and Vaporization

Column Type

Target Concentration
Range

Direct

>BP solvent and < degradation
T of analytes (~100 to 300 °C)

Outside or inside
column

Packed or capillary

% to ppm

Split

~100 to 300 °C

Outside (Inlet)

Capillary

% to ppm

Splitless

~100 to 300 °C

Outside (Inlet)

Capillary

ppm, ppb

PTV

Start cool and programmed
heating

Outside (Inlet)

Capillary

ppm, ppb

On-Column

</= below BP solvent

Outside or inside
column

Packed or capillary

ppm

Cool-OnColumn

< Cooled below BP solvent

Inside column

Packed or capillary

ppm

trapping. The starting column temperatures are lowered to temperatures from
about 10 °C below the boiling point of
the sample solvent. The cooler temperature of the column condenses the higher boiling compounds and allows the
sample vapor to condense at the head of
the column to be trapped and refocus
and flood the early zones of the column
cannabissciencetech.com

lower boiling compounds. Table IV
shows typical staring oven temperatures for common GC solvents.
Programmed temperature vaporization (PTV) is a programmable valve
system that many modern GC instrument offer, which allows the user to
combine the inlet types to optimize
their sample injection conditions. By

optimizing the inlet variables of temperature, pressure, and split, they are
able to maximize their GC analyses for
their target analytes.
The choice of sampling technique
and inlet configuration depends on
the type of samples, target analytes,
and column selected (see Figure 1
and Table V).
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Figure 2: Basic diagram of a GC inlet components.
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Figure 3: General configurations of split/splitless GC liners.

Straight

Straight
Glass Wool

The basic components of a capillary
GC inlet (Figure 2) are:
•S
 eptum nut: a hardware nut with
a small opening through which the

24

Double
Tapered

Tapered

Spiral
or
Cyclo

sample syringe needle is threaded
to pierce an underlying septum.
•S
 eptum: a disc of flexible material such as silicone, rubber, PTFE,
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or another polymer that is relatively inert and can withstand high
temperatures. The flexibility of the
material allows the septum to reseal the puncture of the needle and
stop the depressurization of the inlet or the interruption of the carrier gas flow. All septa have a level of
off-gassing or bleed of volatile materials which can appear as sample
contaminants. Critical applications
should use low bleed septa or septa
made of cleaner polymers such as
PTFE. In addition, septa should be
conditioned prior to use in an analysis by heating to analytical temperatures. As septa are used, the
needle begins to core the injection
site and the septa loses its ability to retain a seal which can lead
to broad or tailing peaks or changes in retention time. The cored material can also fall into the liner of
the inlet and cause active sites that
retain samples in the liner rather
than move to the column. The septa material must be able to accommodate the temperatures of the injection port (usually over 200 °C)
or else the material will break
down quickly and cause contamination or poor results.
• Septum purge: a purge gas (usually the carrier gas) that flows away
(3–4 mL/min) from the septum
to remove off gassing compounds
(bleed) from the septum and any
residual leakage from around the
septum seal.
•C
 arrier gas inlet: the entrance for
the carrier gas which may be connected to additional flow controllers
to moderate, switch, or mix flows of
carrier gases during a method.
•H
 eated chamber or block: method
to heat the injection port area to facilitate vaporization of the sample.
•O
 -rings and inlet seals: sealing
rings and discs made from typically inert materials to keep a seal
cannabissciencetech.com
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on sections of the injection port.
The bottom seal where the liner
and the column meet are typically
gold-plated, which can be damaged
or eroded by continuous exposure
to solvents or harsh analytes. The
lifetime of a gold inlet seal can be
extended by proper choice of a liner
to limit sample contact.
• S plit vent: a vent controller that
allows the sample volume to either go completely to the inlet or
splits the sample volume at different ratios.
• Liner: a glass or quartz reaction
vessel in which the sample is vaporized. Liners can be simple tubes
of glass or be more complex with

internal features and architecture
that promote or reduce volatilization of sample components.

Deeper Look at Liners
Liners are the reaction chamber of the
inlet. The purpose of the liner is to aid
in the efficient vaporization of the target
analytes. The selection of a liner, both
in structure and material, is dependent upon the analytical targets and
their sensitivity of the analyses. Liners
should ideally be free of active sites that
may produce interactions between the
sample and the liner material. The interaction with the active sites can cause
loss of sample, unintended chemical
reactions, or reduction of sensitivity

/
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while increasing baseline noise. GC
analyses in the percent or high ppm
range are affected less by the active sites
than trace analyses which benefit from
deactivated liners.
Liners can either be purchased deactivated or be deactivated by a process
such as silanization. Silanization covers the active silanol sites found in borosilicate glass. The use of quartz liners
and quartz glass wool can reduce the
active sites. Users who choose to purchase borosilicate glass liners and glass
wool can deactivate the glass with a silanization process. The basic steps of
silanization include rinsing the glass
with some solvent or acid then soaking
the liners in a silanization agent after
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which the liners are rinsed, dried, and
heated to bake off excess materials. A
typical method would be a 5–10% solution of dimethyl disulfide (DMDS) in
toluene in which the liners are soaked
up to an hour or so then followed by
rinsing with a solvent such as methanol and conditioning at over 200 °C
for about an hour. Liners can be conditioned inside the GC oven inside a
beaker if an appropriate laboratory
oven is not available.
Inlet liners are available for almost
any GC application or analyte; but
there are some common forms that are
applicable to many split/splitless configurations (Figure 3). The diameter of
the liners and their geometry are dictated by either the split/splitless injection, amount of potential contamination, or form of the sample. Larger
diameter liners are intended for split
samples and fast injection speeds while
splitless injections use more narrow
liners and slower injection speeds.
Straight liners have low surface area
and that benefits the user with low activity. They are easy to use and the most
applicable for a wide range of VOCs.
But, without any inserts, baffles, or barriers the contamination of multiple injections quickly causes them to become
contaminated and can risk the longevity of the GC column if they are not
changed frequently. Out of all the choices the straight liners are the cheapest
option and can sometimes be reconditioned for reuse once cleaned. The addition of quartz or glass wool into a
straight liner increases surface area and
potentially active sites, but also traps
non-volatile compounds. The disadvantage of using a straight liner with
glass wool is that the wool can migrate
around the liner and cause blockages.
The next type of liner is a tapered
liner that has a baffle at either the
top or bottom of the liner. Liners tapered to the top of the injector can reduce solvent expansion and be helpful

26
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in applications with high aqueous matrices, but aligning the taper at the
top means it can potentially break
more quickly or cause needle breakage. Aligning the taper at the bottom
is good for peak shape and sensitivity especially with compounds such as
pesticides. Double tapered liners have
a baffle or taper at each end which
helps retain the vapor cloud.
Spiral or cyclo liners like the taper and the use of glass wool allow for
more surface area and better sensitivity, but often at the cost of price and
versatility. All the features of the liners discussed can be found in a variety of combinations such as double tapered cyclo liner with or without glass
wool. Each level of geometry or addition of glass or quartz wool offers a
level of protection against contamination to the column and possible increase in sensitivity, but often with the
additional cost for replacement and inability to reuse or recycle the liner.
During method development it is often best to start with a straight or single tapered liner. If the samples are
very complex or high in compounds
that could contaminate the GC, then
use deactivated glass wool. If the target analytes or analysis require higher sensitivity, then switch from glass to
quartz wool and liners. Finally, move
towards the complex liner geometries
if other approaches fail to provide the
needed results.

need to be considered such as the form
of the sample (gas, liquid, and solid),
the chemistry of the target analytes
(volatility and boiling point), and the
concentration of the targets (ppb, ppm,
or percent). The system then needs to
be optimized as to flow control type,
flow rate, injection volume, inlet type
and parameters (split/splitless, purge,
and so on). By understanding the use,
mode, and effect of each of the choices,
the chromatographer can optimize
their sample introduction and injector
to make sure their targets reach the
column for analysis.

Further Reading
(1) P. Atknis, Cannabis Science and
Technology 4(9), 12–19 (2021).
(2) Modern Practice of Gas Chromatography,
2nd ed., R.L. Grob, Ed. (Wiley,
New York, New York, 1985).
(3) D. Harvey, "Contributions to Band
Broadening in Chromatography | Image
and Video Exchange Forum, 2013.
(4) W. Jennings, E. Mittlefehldt, and P.P. Stremple,
Analytical Gas Chromatography, 2nd ed.
(Academic Press, San Diego, California, 1997).
(5) D. Kealey and P.J. Haines, Analytical
Chemistry; The instant notes chemistry
series; BIOS: Oxford, 2002.
(6) H.M. McNair, J.M. Miller, and N.H. Snow, Basic
Gas Chromatography, Third edition (2019
edition) (Wiley: Hoboken, New Jersey, 2019).
(7) Gas Chromatography, https://chem.libretexts.
org/Bookshelves/Analytical_Chemistry/
Supplemental_Modules_(Analytical_Chemistry)/
Instrumental_Analysis/Chromatography/

Final Thoughts
Many analysts think the most important choice for a gas chromatography
system is the column, but while the
column does much of the work to
separate analytes and produce peaks,
the initial settings and sampling/inlet
systems are critical for the sample to
get to the column in order to be separated. Theses choices can determine
if the target analyte even reaches the
column to be analyzed. Many factors
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Gas_Chromatography (accessed 2021 -11 -15).

ABOUT THE COLUMNIST

PATRICIA ATKINS is
a Senior Applications
Scientist with Spex,
an Antylia Scientific
company and has been
a member of many cannabis advisory committees
and working groups for cannabis including
NACRW, AOAC and ASTM.
cannabissciencetech.com

Are You Still High? THC Metabolites in Urine

The Hamilton PRP-C18 reversed-phase column offers
good selectivity and peak shape when detecting the three
major components of THC metabolites in urine. As shown
in Figure 2, samples spiked with metabolites in urine show
good correlation in low concentrations and rapid sample
analysis can be achieved in under eight minutes. In addition
to good column performance, all Hamilton columns come
with value added features that include great chemical and
thermodynamic stability and increased lifetime due to their
PS-DVB backbone.

(+)-11-Nor-Δ9-THC-9-Carboxylic Acid Glucuronide
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Figure 2: Urine sample spiked with 3 ng/mL of THC metabolites.

Column Information
Packing Material

PRP-C18, 5 µm

P/N

79676

Chromatographic Conditions
Gradient

0.00 –2.00 min, 5%B
2.01–3 min, 5–50%B
3.01–8 min, 50 –95%B
8.01–10 min, 95%B

Temperature

35°C

Injection Volume

5 µL

Detection

UV at 230 nm

Dimensions

150 x 4.6 mm

Eluent A

10 mM CH 3 COONH 4

Eluent B

CH 3 CN

Flow Rate

2.0 mL/min
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In humans, cytochrome P450 contains three
primary enzymes involved in the metabolism of Δ9tetrahydrocannabinol (CYP2C9, CYP2C19, CYP3A4).
These enzymes are mostly found in the liver, but can occur
in other lipophilic tissues like brain, small intestine, heart,
and lungs. THC elimination in the body is dictated by the
accumulation of the compound in both adipose tissue and
plasma and, due to the lipophilicity of THC, the determination
of the concentration through excretion is difficult.1,2 Likewise,
states have passed regulations allowing for the legal use of
both medicinal and recreational cannabis while workplaces in
those states continue to dictate safety regulations with a zero
tolerance drug policy culminating in a urine test to determine
compliance. With more than 100 THC metabolites, detection
of the most abundant, 11-hydroxy-THC, 11-carboxy-THC
glucuronide, and 11-carboxy-THC, hold the most focus.
Typically, between 80% and 90% of the THC consumed is
excreted as carboxylate and hydroxylate metabolites.3,4

Figure 1: Most abundant THC metabolites.
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Part 5: What Happened to My Peak? The Importance
of Data Quality in Cannabis Testing
In the fifth part of this six-part series, Cannabis Science
& Technology sat down with Anthony Macherone,
senior scientist and cannabis technical lead for Agilent
Technologies to speak with Jodi McDonald, president and
founder of Keystone Labs, about how poor-quality data can
negatively impact a lab’s reputation, consumer confidence,
and its repeat business. She shares tips and strategies
to ensure the quality of cannabis and sample collection,
sample preparation, and analysis.
MACHERONE: What kind of testing did Keystone Labs perform prior to cannabis testing?
MCDONALD: Keystone Labs is a third-party test lab. When I first started the company, we focused
on providing testing solutions for pharmaceutical, medical-device, and natural-health product
companies. We’ve worked with companies around the globe, but our focus has always been
helping Canadian companies navigate the regulatory requirements as they innovate health
products and bring them to market. We use lots of methods from the different pharmacopoeias—
from the European pharmacopeia to the U.S. Pharmacopeia. And our two key areas of focus are
microbiology and analytical testing.
MACHERONE: How did the quality program you developed for the pharmaceutical
environment meet the expectations of regulators and set you up for success?
MCDONALD: To provide testing support for Canadian companies, we’re required to hold an
establishment license under GMP (good manufacturing practice) legislation, which means we have
a robust quality framework. That is priority one for any test lab, no matter what industry they’re
serving: a quality framework that gives your customers confidence and gives you confidence that
the data you’re providing them is reliable and consistent.
There are other quality programs and standards labs can choose from: ISO is a great example, but
our lab focuses on GMP certification. However, any certification is important, especially in cannabis
since there’s not a worldwide cannabis standard or even local cannabis standards for how testing is
performed or what standards are used.
Our quality program allows us to meet the expectations of regulators and set us up for success
because it allows us to be confident in the three key areas of any lab: the equipment, the people
performing the testing, and the processes used produce data. Knowing all three are well-defined
and under control means when something unexpected happens, we can deal with it. For example,
we received a letter from a supplier saying one of our key standards had been mislabeled for almost
two years. (Many of the labs we work with in Canada also received the same letter.) But for us,
having a robust quality program meant all of the information we needed to do a risk and impact
assessment was easily accessible. All of the data we had produced in the affected time window had
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very little impact to our clients and no recalls came from this unexpected
event. At the end of the day, that’s what a quality program allows you to
do: deal with the unexpected moments.
MACHERONE: When you transitioned into a cannabis-testing lab,
what best practices did you roll over from the pharmaceutical side of
the business and why?
MCDONALD: Our whole business philosophy is about providing quality
data to our clients. With that in mind, we identified five key areas for our
success: quality, consistency, building a strong reputation, listening to our
clients when things are going well and when things are not going as they
expected, and focusing on science. These same business practices applied
when we entered the cannabis market and were critical for building a
reputation in the marketplace. Cannabis is a complex matrix to test. Labs
entering the cannabis market need to understand that reliable data allows
their clients to build consistent products and consistent processes. If the
labs aren’t providing consistent and reliable data, clients don’t stay.
The Canadian market isn’t large, so for a Canadian company to be
successful, they need to have their eyes set on the global marketplace.
Entering into other legal markets around the world means you need to
comply with local legislation and regulations for cannabis production
and sale. So, having a test lab that provides you with consistent quality
data focused on science, grounded in good validation and good quality
practices, allows you to enter and be successful in those new markets.
MACHERONE: Which areas, i.e., sample prep/data analysis/data
reporting are affected by data quality the most?
MCDONALD: It’s all important, but if you break it down, with a good
sample and a good method, the potential to produce reliable, consistent
data increases. Data analysis is part-and-parcel of a good method,
whereas reporting the data is the final production step. The final report,
in the form of a label, needs to be presented to your client in a way that is
meaningful to them and enables the client to use your data as a resource.
That means the hard work you put in before preparing a good sample—
making sure your method and equipment are robust, ensuring your staff is
trained and knows how to navigate the ins and outs of cannabis—the final
report is represented by the key parameters of quality.
MACHERONE: What information should be included in the final
report that the customer can use and learn from and understand
what you’re doing?
MCDONALD: In Canada, a lot of this is defined by legislation and has to
be presented on the certificate of analysis (CofA): Who performed the
analysis? When was the testing performed? What equipment was used?
When was the last time the method and equipment were validated? What
are the limits of detection or limits of quantitation? What is the sample
identifier? It also requires the analyst’s signature to verify the testing is
complete. Our quality assurance (QA) team reviews everything from the
pipettes that was used for dilutions and the last time calibration and
maintenance were performed on any equipment used during the process.
All of those items—calculations, sample prep steps, quality control,

etc.—are reviewed. The final step is our QA team signs off, which means
everything met the requirements of our quality system.
MACHERONE: Can you share tips and strategies that laboratories can
follow to ensure data quality in a cannabis testing lab?
MCDONALD: Three key things come to mind: sample collection, sample
preparation, and sample analysis.
Sample collection. A sampling plan is critical. In Canada, labs don’t have
to do the sampling in the facility. In other jurisdictions around the world,
it’s the responsibility of the lab to go onsite to a producer and collect the
sample. It doesn’t matter who’s doing the sampling; there just needs to be
a well-defined sampling plan. An important part of applying that sampling
plan is taking a representative sample. Consistency in the sample collected
means consistency, hopefully, in the data that is produced from it.
Sample preparation. Different regions have different requirements for
sample preparation. Labs need to understand what regulatory framework
they are working under and comply with the requirements of preparation
and testing. In Canada, for example, in potency, you have to test the
sample as it’s received in your lab; you can’t do any additional preparation
steps that might impact the outcome of the potency. Once the sample
arrives in the lab, the first step is ensuring a sample plan was followed to
prepare the sample. The second step is in-house representative sampling.
In our lab, we take out the microbial samples, so microbial tests are not
contaminated by other tests that have to be taken from the same sample.
Next, we grind the entire sample and do a botanical quartering to make
sure we’re not handpicking one juicy bud over a weak-looking bud to do
the potency testing. The third step is sample preparation. What’s key here
is the quantity of the sample that is required to process and get consistent,
reliable data. Any extraction method parameters—the type of solvent, the
volume of the extraction solvent, the ratio of the solvent to the sample, the
length of extraction, etc.—are part of the method development and method
validation that a client will ask to see. Another key factor when it comes to
potency is the size of the grind of the material. On Fridays we used to get
low potency results because people were in a rush to get out of the lab, so
they weren’t grinding the sample thoroughly. That meant there wasn’t a lot
of surface area for the solvents to interact with, which meant the potency
was lower. We’ve done a lot of work deconstructing our potency methods
to see which parameters require specific attention to get consistent,
reliable data.
Sample analysis. Optimizing your sample analysis means you need a
validated method. You need to be using qualified equipment that’s on
a routine maintenance and calibration schedule. This means having
a trained staff who knows how troubleshoot the instruments, sample
prep, and method. Reliable vendors are also important. Without reliable
partners, everything falls apart, and you can’t do effective sample
preparation. Your sample analysis is often delayed or suspect, because
you don’t have the materials you described in your method under your
validation parameters.
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Agilent products and solutions are intended to be used for cannabis quality control and safety testing in laboratories where such use is permitted under state/country law.
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Reaching a Higher Dimension:

Conversation with Dr. Alison Draisin, Leading
Assisted Psychedelic Psychotherapist
By Josh Crossney

W

e have witnessed a surge of
cannabis normalization and
information sharing over the
past decade. Together we have
advanced cannabis science and removed
much of the undue stigma placed on cannabis. But over the past few years we have
also seen a great rise in interest in several other psychedelics. In this installment of “Cannabis Crossroads,” I have
the great pleasure of interviewing Dr. Alison Draisin, an inspiring individual and
exceptional psychotherapist working on
the forefront of cannabis assisted psychotherapy and psychedelic assisted psychotherapy. She sheds light on these topics,
shares her unique approach to therapies,
discusses her experiences as founder and
CEO of Ettalew’s Edibles, and comments
on the evolution of laboratory testing.
Can you please explain to our
readers how cannabis is being
used as a treatment for
psychological issues at the
AIMS institute in Seattle?
At the AIMS Institute in Seattle,
we offer cannabis assisted psychotherapy, cannabis education, and support
patients with choosing the correct cultivar
and dosing for their particular needs. In
addition, our doctors write medical
marijuana authorizations for patients who
qualify under Washington state law.
Some folks may assume the concept of
cannabis-assisted psychotherapy is an extension of the understanding that sitting
on one’s couch and smoking weed makes

Q:
A:

30

them feel good, but my approach and interest lie elsewhere.
In a therapy situation, I want the client
to become anxious. I want clients to have
a shift, so then I can explore what’s really
going on behind that anxiety. Some people
will say they can’t use cannabis because
it makes them paranoid or anxious, but
I actually like to put clients in that state
of anxiety, so that we can explore what’s
causing it and what’s coming up for them.
As part of the process, I stress that focusing on specific cannabis cultivars (or
strains) is, in my belief, of vital importance.
If you’re going to do cannabis-assisted psychotherapy, you should also be talking to
your client about cannabis. I firmly believe
that looking at different cultivars with a client—why some work, why some didn’t—
should be part of that process.
I still cannot directly recommend a cultivar. I can make suggestions. I must do this in
order to protect my state licensure. On the
topic of cannabis and mental health, there
is a lot of talk of promise and a healthy dose
of frustration over the fact that everything
must still be cloaked in caveats until more
research is allowed and completed.

Q:
A:
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You also use ketamine doses
for psychedelic assisted
psychotherapy. Can you please
explain some of the benefits
of using psychedelics for these
therapies? What are some of
the downsides?
Psychedelics are an amazing tool
for mental and physical health and

wellness. Having been a psychotherapist and
psychologist for nearly 30 years, it is the best
tool in my toolbox. At AIMS we offer
ketamine assisted psychotherapy as well as
integration for not just ketamine, but also
other psychedelics that clients may procure
on their own. The benefits of using
psychedelics include, but are by no means
limited to, helping an individual to connect
with their unconscious mind to get in touch
with the wounds or traumas that may be
impacting their ability to have healthy
relationships, be effective in their jobs, be
more present with their children, find joy or
meaning in their lives as well as come to
terms with their own mortality at the end of
one’s life. In my experience, clients with
addiction, depression, anxiety disorders, and
end-of-life psychological distress have had
great shifts in their wellbeing.
The biggest downside is the paucity of
research on the extent of the benefits, as
well as contra-indicators. In our office we
do not use psychedelics with those who
are actively psychotic or who have a current thought disorder diagnosis. There is
not enough research or information and
we cannot run the risk of putting an individual in a potentially harmful situation.

Q:

Can you tell us more about
psychedelic therapies? What is
the route of administration for
ketamine therapy? Is it “microdosed” and what is the typical
dosage? What other psychedelics are emerging (aside from
ketamine and psilocybin)?
cannabissciencetech.com

industry trends

In our clinic we use two methods
of delivery for the ketamine:
troches or lozenges and intramuscular
injections. We use low dose as well as high
doses depending on what the client wishes
to accomplish. We have individual as well
as group sessions. A typical dose for an
intramuscular injection is 1.5 milligrams/
kilogram. We increase the dosage based on
metabolism of medicine (anesthesia), past
psychedelic experience, and tolerance.
We have clients who are using LSD,
psilocybin, DMT, MDMA, and ayahuasca.
The AIMS Institute is currently a plaintiff
suing the US Drug Enforcement Agency (DEA) for access to psilocybin under
state and federal right-to-try laws, which
allow patients with terminal conditions
to try investigational medications that
have not been approved for general use.
AIMS also has a pre-trial application
into the US federal government to study
the use of Ayahuasca with late-stage oncology patients. Dr. Leanna Standish,
co-director at AIMS, is currently in the
“seeking funding” phase of this project.
Just recently (January 6th) in Washington state a couple of lawmakers introduced
legislation that would legalize what the bill
calls “supported psilocybin experiences” by
adults 21 and older. If enacted, the Psilocybin
Wellness and Opportunity Act would allow
individuals to consume products containing psilocybin and psilocin, the two main active ingredients in psychedelic mushrooms,
under the support of a trained and state-licensed psilocybin service administrator.
In Oregon, they passed an initiative in
2020 that would legalize supported psilocybin treatment for mental health. It is
currently in its development phase. Our
team at AIMS is currently partnering
with colleagues in Oregon to expand our
current provider training program.

A:

Q:
A:

How did you first get involved
with providing assisted
psychotherapy to patients?
Dr. Sunil Aggerwall, one of the
directors at AIMS, approached

cannabissciencetech.com
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About the Interviewee

Alison Draisin is the founder and CEO of Ettalew’s
Edibles (established in 2009), past President of the
Board of Directors for the Center for Cannabis and
Social Policy (CASP) and an original member of Women
of Weed. As an active member of the Washington
state cannabis community, she speaks publicly on
cannabis education locally and nationally. Alison seeks
to support women by connecting them to cannabis
community and to empower women to rise within the cannabis industry.
Alison’s entrepreneurship built Ettalew’s Edibles from the ground upon a
foundation of helping fellow patients in Washington state. Her dedication
to quality, consistency, and labeling of products was recognized at the High
Times Cannabis Cup Seattle in 2012 and 2013, as well as being named one of
the Best Edible Companies of 2013 by High Times Magazine. Prior to running
a successful cannabis-infused company, Alison attained a Master’s Degree
in Art Psychotherapy and a Doctorate of Clinical Psychology. She has worked
in the mental health field for 28 years. Alison joined the AIMS Institute in
2018 where she has been able to employ her knowledge of cannabis and
psychedelics as a tool in her psychotherapy practice to support patients
finding peace and resolution. As the Lead Clinician in the program, she has
begun training other providers about the power of psychedelic and cannabis
assisted psychotherapy.

me at Seattle Hempfest in 2018. He
heard I was a psychologist, in addition
to founding a cannabis edible company.
He asked if I would consider working at
AIMS when they opened in October
2018 doing cannabis assisted psychotherapy and psychedelic assisted
psychotherapy. I was in limbo at the
time because I did not move my brand
into the recreational market. Joining
AIMS gave me the opportunity to
remain in the medical cannabis arena
and use my education to support
patients in a different manner. I have
been at AIMS since we opened the doors
and the experiences I have had have
been amazing. Helping patients find
health and wellness, as well as teaching
providers this amazing new modality
has become my passion.
I look forward to your
presentation at the 2022
Cannabis Science Conference
West in May. What take away
points will attendees get from
your presentation?
Attendees will learn more about
cannabis assisted and psychedelic
assisted psychotherapies, including the

Q:
A:

competencies we use in our training and
development program for providers. We
will explore some of the basic principles
of what makes a good psychedelic “guide.”

In Closing
I’d like to thank Dr. Draisin for sharing
her insights and experiences with us.
You can see her presentation at the
2022 CSC West in Long Beach, CA on
May 18th to 20th. Dr. Draisin inspires
so many others within our industry and
continues to blaze new trails in rapidly
emerging fields, including psychedelic
assisted therapy.
This interview was edited for length and
clarity, to read the full interview, please visit: https://www.cannabissciencetech.com/
columns/cannabis-crossroads.
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JOSH CROSSNEY is the
columnist and editor of
“Cannabis Crossroads” and
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Technology magazine. Crossney is also the
president and CEO of CSC Events.
Direct correspondence to:
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Optimal Dilution of
Polysorbate (Tween) 20 for the
Determination of Enterobacteria
and Total Yeast and Mold on
Cannabis Concentrate
A N T H O N Y J . R E P AY A N D W YAT T J . TA R T E R

The microbial plating of cannabis and hemp-derived concentrate has been historically challenging
because of issues with consistency. Tween 20, an emulsifying agent, is often added to diluent to aid
in extracting the concentrate. In this study, Tween 20 amounts were increased in 1% increments while
monitoring two different factors. The first factor was the turbidity of the solution, which determines
the saturation point at which no more concentrate can be extracted, given the Tween 20 method. The
second factor was the microbial survival rate, measured in colony forming units (CFU) for E. coli and
C. albicans. Per the state of Nevada regulations (NCCR effective November 5, 2020), enterobacteria
and total yeast and mold are plated for concentrates, thus these two microbes were chosen to be
representative. Following analysis, it was determined that a solution of 3% percent Tween 20 was
optimal for survival of target microbes and emulsification of concentrate.

T

he state of Nevada Cannabis Compliance Board
(CCB) defines concentrated cannabis as “the
extracted or separated resin, whether crude
or purified, containing tetrahydrocannabinol (THC) or cannabidiol CBD” (1). Through this extraction process, cannabinoids become highly concentrated while simultaneously making it challenging to
extract microorganisms from matrices. Due to this
innate difficulty, most manufacturer methods offer
a patented emulsifying agent that aids in the breakdown. For plating applications, the use of an emulsifying agent named Tween 20 has been widely adopted.
Tween 20 is a non-ionic detergent that aids in emulsification for the preparation of stable oil-in water (2).
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Ideally, adding the solution in small amounts serves to
aid in breaking up the concentrate. However, a caveat
of the process is ensuring that a suitable environment
for the target microorganisms remains after application of Tween 20.
Though cannabis and cannabis-containing products
are illegal on the Federal level in the US, certain states
have legalized them to allow for medicinal or recreational products. As a result of this patchwork legalization, the testing (and more specifically the targeted microbiological contaminants) are determined state by
state. In Nevada and several other states, concentrated cannabis products need to be tested for enterobacteria and total yeast and mold (1,3). Detection methods
cannabissciencetech.com
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Table I: Outline of how Tween 20 solutions were created. The amount of spike added was the same for both the
enterobacteria as well as the yeast and mold spike.
Percent of Tween 20

Total Volume

Spike Amount

Butterfield's Phosphate Buffer

Tween 20

1%

50 mL

25 mL

24.5 mL

0.5 mL

2%

50 mL

25 mL

24 mL

1 mL

3%

50 mL

25 mL

23.5 mL

1.5 mL

4%

50 mL

25 mL

23 mL

2 mL

5%

50 mL

25 mL

22.5 mL

2.5 mL

6%

50 mL

25 mL

22 mL

3 mL

7%

50 mL

25 mL

21.5 mL

3.5 mL

8%

50 mL

25 mL

21 mL

4 mL

9%

50 mL

25 mL

20.5 mL

4.5 mL

10%

50 mL

25 mL

20 mL

5 mL

Table II: Results of threshold regression with hinge effect
Threshold Regression Model Results

Estimate

95% CI

P-value

APC intercept

63.81

(62.01, 66.41)

0.00

APC Tween minus changepoint slope

-3.98

(-14.87, -2.17)

0.22

APC Tween changepoint

6.00

(4, 9)

NA

Yeast and mold intercept

208.69

(203.39, 212.91)

0.00

Yeast and mold Tween minus changepoint slope

-5.32

(-7.18, -4.23)

0.00

Yeast and mold Tween changepoint

3.00

(2, 4)

NA

are structured via a threshold system wherein microorganisms may be detected, but as long as they are below
the target threshold then they are considered safe for human consumption or use. In large quantities, it has been
found that these categories of microorganisms can lead
to human harm if not properly tested for (4). Taking this
into account, researchers hypothesized the following:
what was the optimal amount of Tween 20 solution that
could be added until the environment became unfavorable
(measured in colony forming units [CFU]) for the plated
target microorganisms?

Experimental Methods
Study Design

For the study of enterobacteria, E. coli 0157:H7 NCTC
12900 was the representative organism. For the study
of total yeast and mold, C. albicans ATCC10231 was the
organism used. The procedure used to create viable
cannabissciencetech.com

spikes prior to their dilution into Butterfield’s phosphate buffer and Tween 20 is property of RSR Analytical
Laboratories. Incrementally increasing concentration
of Tween 20 was diluted appropriately as described in
Table I. While aseptically creating the dilutions into
sterile 150 mL dilution bottles, 100 mL total was created. Of this solution, 9 mL of each respective dilution
was added to 1 g of concentrate distillate. This solution
was then vortexed for 1 min and then added to a sterile turbidity vial. The vial was allowed to sit, followed
by the turbidity procedure. After turbidity was done,
either aerobic plate count or yeast and mold method
was conducted, dependent on the spike utilized in the
preparation process. All remaining milliliters of diluent
were plated on their respective plates, and resultant
CFUs were counted. CFUs were then averaged for each
percent of Tween 20 added and analyzed with survival of
the target organism as the outcome of interest.
january/february 2022  |   cannabis science and technology ®
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Figure 1: APC log likelihood and bootstrap plots.

calibrated utilizing known nephelometric turbidity unit
(NTU) standards (5). The various concentrations of the
Tween 20 solution were then added to the 1 g of cannabis
distillate concentrate. The sample was then vortexed for
1 min to completely allow the emulsifying agent, cannabis
distillate, and microorganisms to mix completely. The solution was transferred to a sterile turbidity tube and allowed
to rest on the bench for 30 s. The turbidity of the sample
was taken and recorded. If the turbidity of the liquid was
too numerous to calculate, it was subsequently diluted to
be in a readable range. Overall the point of this method
was to gain a general understanding of how much concentrate was eluted into the buffer.

Rapid Aerobic Plate Count

Figure 2: Y/M log likelihood and bootstrap plots.

Rapid aerobic plate count petrifilm by 3M is a self-contained dehydrated media that facilitates the growth of bacteria aerobically for the purpose of enumeration. Following
the measurement of turbidity at least eight replicates,
plates of 1 mL of sample were pipetted to the center of the
plate and pushed with a 3M flat spreader. These plates were
incubated at 35 ±1 °C for 24 ±2 h. This was done in accordance with the instructions given by the manufacturer and
AOAC recommendations (6). Following incubation, CFUs
were counted as a measure of microbial survival. Though
plated on aerobic plate count (APC), this served as a target
organism for enterobacteria.

Rapid Yeast and Mold

Rapid yeast and mold petrifilm by 3M is a simple ready to
use plate system with specialized antibiotics to facilitate the
growth of only yeast and mold on the plate in a rapid manner. The plates of 1 mL of sample were pipetted to the center
of the plate and pushed with a 3M flat spreader. These plates
were incubated at 25 ±1 °C for 60–72 h (7–9). This was done
in accordance with the instructions given by the manufacturer and AOAC recommendations. Following incubation,
CFUs were counted as a measure of microbial survival.

Statistical Methods

Turbidity

Turbidity of the diluent was measured using a LaMotte TC3000e turbidity meter. To measure turbidity, the meter was
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Data consisted of roughly 90 samples of CFUs from rapid
APC and yeast and mold (Y/M) petrifilms taken at 10
levels of Tween 20 (1% to 10%, by increments of 1%), with
minimal missing data. To assess whether there was a value
of Tween 20 at which the recovery rate of APC and Y/M
significantly changed, two threshold regression models
with hinge threshold effects were fit with Tween 20 as a
continuous predictor, and APC and Y/M as separate outcannabissciencetech.com
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Figure 3: Threshold of APC change by Tween %.

comes (10). A hinge threshold effect was used; we assumed
that the recovery rate would be constant (flat) until the
change point value, at which point it would begin decreasing, rather than using a step threshold effect that assumed
two constant recovery rates that were different between
the threshold value. Alpha for a significant difference in
recovery rates above and below the threshold Tween 20
value was set at 0.05. All analysis was conducted using R
version 4.0.1.

Results and Discussion

The results of the turbidity experiment are shown in Figure 5. Following the procedure outlined above, the results
were plotted along their respective Tween 20 concentrations. The data appears to follow a logarithmic pattern;
no matter how much Tween 20 is added, there is a limit of
how much cannabis concentrate can be extracted through
this method. Following 7% the growth appears to level off,
rendering any additional Tween 20 useless (Table II).
Following the proper incubation and CFU counting, statistical analysis was conducted to assess any differences between plates. The results of the threshold regressions with a hinge effect can be seen in Table II; in the
APC model, a changepoint was identified at Tween 20 of
6% (95% CI 4, 9), with an increase in a unit of Tween 20
values larger than 6% associated with a decrease in APC
recovery rate of 3.98 (95% CI: -14.87, -2.17), while Tween
20 less than or equal to 6% had a constant recovery rate
cannabissciencetech.com
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Figure 4: Threshold of yeast and mold change by Tween.

Figure 5: Measure of turbidity (NTUs) in relationship
with Tween 20.

of 63.81 (62.01, 66.41). However, this difference in recovery rate beyond the threshold value of 6% is not significant
(p-value=0.22), indicating that there is not sufficient evidence to suggest that 6% is a threshold value associated
with a significantly different recovery rate.
In the Y/M model, a changepoint was identified at Tween
20 of 3% (95% CI: 2, 4), with an increase in a unit of Tween
20 values larger than 3% associated with a decrease in Y/M
recovery of 5.32 (95% CI: -7.18, -4.23), which was significant (p-value<0.01). Tween 20 values less than or equal to
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3% had a constant Y/M recovery rate of 208.69 (95% CI:
203.29, 212.91). So, there was evidence suggesting that Y/M
recovery rate significantly decreased at Tween 20 values
larger than the 3% threshold, while Tween 20 less than or
equal to the threshold value had a constant recovery rate.
Figures 1 and 2 demonstrate the APC and Y/M log likelihood plots of each threshold value, and frequency plots of
each threshold value from 1000 bootstrappings of the analysis, respectively.
Figures 3 and 4 present the fitted lines for the threshold regressions, with a f lat pre-threshold value slope, and
the post-threshold regression line. While both post-threshold lines have negative slopes, the APC line was not significantly different than the APC pre-threshold slope, whereas the Y/M post-threshold slope was significantly different
than the pre-threshold slope.

Conclusion
Innovations in cannabis science allow researchers to push
forward in finding new ways of conducting science accurately. Concentrated cannabis has exceptionally difficult
matrices to accurately test for microbes because of an
oftentimes hard and sticky consistency. While sometimes
the amount of extraction, or turbidity, can indicate success,
microbiologists must also take into account the environmental conditions of the organisms targeted for analysis. In
cannabissciencetech.com
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this study, E. coli 0157:H7 served as the model for enterobacteria and C. albicans served as the model for total yeast
and mold. It was determined that, when utilizing Tween
20 to aid in the emulsification of concentrated cannabis,
no more than 3% of Tween 20 to dilution should be added
(Figures 3 and 4). The more Tween 20 that is added, the
more the turbidity increases, which can contribute to better emulsification of concentrate. However, if it leads to an
unfavorable microbial environment, the target organisms
might begin to perish and, subsequently, results will be
underreported (Figures 3–5).
The goal for cannabis scientists is to keep all consumers, medicinal and recreational, safe. By doing specific research on target matrices, it is possible to incorporate food
and environmental testing methods to match cannabis
testing needs. Minor changes to the method could be beneficial in testing, and potentially lead to more precision
and quality. Many scientists in the cannabis field strive to
develop the science; working with state-to-state regulations provides a unique opportunity to aid the entire field.
By continuing to publish and grow the grassroots of testing, any increases in testing quality will hopefully permeate across state regulations to the benefit of all cannabis
users and producers.
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Cannabis Research
Is Cannabis Science
BY M I C H E L L E F I N Z E L

The cannabis industry is challenging so much of what we know about science, medicine,
technology, economics, and more. Success doesn’t come from skipping steps, and our
quantitative analysis has shown us that more research of varying types is necessary to
the success of the industry.

T

HE CANNABIS INDUSTRY is on the precipice
of uprooting so much of what we know about
science, medicine, technology, economics, and
more. Growers, investors, medical professionals,
and entrepreneurs alike are all chomping at the bit to be a
part of the bloom and boom to come. However, according to
a small, quantitative study conducted on behalf of MJH Life
Sciences’ Cannabis Science and Technology, current and potential members of the industry reveal that we remain a few
petals short of a whole flower.
The vast majority of medical providers and professionals
who participated in this study feel there is not enough scientific research being conducted where cannabis is concerned.
They would most like to see clinical trials start happening in
the next 5–10 years, but also feel strongly that several other
action steps—such as longitudinal studies and dosing protocol research studies—are necessary going forward.
Many cannabis patients believe they would benefit from
additional help from a medical professional when it comes
to knowing which cannabis products to purchase for themselves. Only 2 out of 10 of the patients surveyed reported
that they work with any medical professionals to help them
manage their dosing needs. Many of these patients reported
that they work with a nurse practitioner or pharmacist.
Respondents who were focused on cultivation rated how
well they believe they understand the cannabis growing
process a 7 on an 11-point scale. The two topics that they
stated were most important to them currently included
“growing” and “equipment.” Further, when looking to purchase said equipment, they reported being most motivated to make purchases from a company based upon reviews,
word of mouth, and perceived value.
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Table I: Medical providers/professionals responses
to the question "What is the most common diagnosis
you recommend medical cannabis as a treatment
for?" Respondents could select multiple answers.
Most Common Diagnoses

Responses (%)

Chronic pain

83%

PTSD/Mental health

55%

Seizure disorders

26%

Cancer

24%

Number of responses = 83

The analytical scientists surveyed believe the general
public is not well informed about the need for cannabis testing, providing a rating of 3 on an 11-point scale. Also, the
lack of testing standards stood out among respondents as
the biggest challenge facing cannabis testing laboratories.
Of important note is that all of this information wouldn’t
be available had we not stopped and simply asked these
questions—and asking questions is the gateway to discovery and progress. Asking questions is science.
While the word science often brings to mind images of test
tubes, shiny equipment, and lab coats, the world of social science focuses on studying human interactions and social relationships. These interactions and relationships can be with
other humans, of course, but the social sciences—market research specifically—also studies how we engage with the services we receive, the products we consider purchasing, the
information we consume, and how our emotional reactions
influence how and when we open our wallets.
The cannabis industry is scratching the surface of what
cannabissciencetech.com
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Table II: Medical providers/professionals responses to
the question "what sources do you use to continue your
professional education about medical cannabis?"
Sources of Education

Responses (%)

Online cannabis
courses/training academies

79%

Conferences

74%

Scientific journals

70%

Specific thought leaders in the industry

42%

Number of responses = 114

Table III: Analytical scientists responses to the
question "What are the biggest challenges facing
cannabis testing laboratories?" Respondents could
select multiple answers.
Biggest Challenges

Responses (%)

Lack of testing standards

63%

Variety of samples (plant, gummies,
oils, etc.)/Sample prep

55%

Federal status/various state laws

53%

Inter-laboratory variability

48%

Number of responses = 136

it means to be a ground-breaking market. As laws change and
public attitudes shift, it is important to maneuver the transforming landscape and secure your legacy as an industry leader by making certain you know how to get the answers to the
questions that matter. Answers that equate to success. Success
doesn’t come from skipping steps, and our quantitative analysis has shown us that more research of varying types is necessary to the growth and development of the industry.
To hear more about this research, check out
episode 2 of the Noid Knowledge podcast:
https://www.cannabissciencetech.com/
view/ep-2-by-the-numbers-trends-dataand-predictions-for-2022.
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Cannabis Cultivation
Quality Assurance 2.0:

Starting Clear, Staying Clean
JOHN BRUNSTEIN

Growing plants on an industrial scale brings both opportunities and challenges compared to small
scale “home grow” operations. Cannabis is no exception to this, and large producers can achieve
economies of scale and production levels far past what historical illicit grows could achieve. They also
run increased risks inherent to all large-scale monoculture—it’s a prime ground for pathogen and pest
issues which can decimate a crop. Lacking (in most jurisdictions) the chemical treatment tools and
techniques traditional agriculture has available to combat these, effective screening of input materials
and ongoing surveillance of crops to catch problems early are essential to risk mediation. Most of those
strategies will rely on extensive third-party testing, and the accuracy of this is critical. Similarly, genetic
testing for cultivar identification and assurance is an important foundational key—knowing incoming
seedlings or cuttings are what’s expected at an early stage of growth avoids any unpleasant surprises
after months of growth and resource utilization. This article outlines why these multiple testing modes
are important, what to look for in third party test providers, and how a cultivator can evaluate these
potential providers both at the outset and in an ongoing manner for accuracy and reliability.

W

ITH LEGALIZATION OF cannabis cultivation the shift from small illicit grows to
massive greenhouse facilities provides potential for production efficiencies, but this
doesn’t come without risks and challenges. Large scale monoculture in controlled, highly uniform environments provides a
near perfect setting for the adaptation and emergence of pests
including viruses, viroids, and bacterial or fungal microorganisms. The impact of these can range in severity from minor
crop yield losses or alterations in desired chemotypic profile
to catastrophic loss of entire crop cycles. Pest control challenges are further compounded for cannabis growers because
in most jurisdictions very few pesticides are approved for use
because of public health concerns and a lack of data regarding application of any pesticide on cannabis specifically. Effective pest management practices must instead rely on cultivation techniques such as tissue culture from meristem followed
by ongoing testing supported by quarantine and culling as
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needed to mitigate risks. An underlying question is how to get
this crucial testing done reliably. False negative results allow
expansion of contamination until phenotypically visible (too
late), and false positives can lead to culling of healthy crops
(needless loss of revenue). What tests should a cultivator do in
house, versus send out to a third party laboratory? How does
a cultivator establish trust in third-party laboratory results?
What factors influence test accuracy in either case?

In-House Versus Sent Out:
Scale, Expertise, and ROI
Let’s tackle this first—as a cultivator, should you do in house
pathogen testing or send samples out? There’s no “one size fits
all” answer for this, so let’s review factors a cultivator should
consider in making this choice.

1. Desired test targets (organisms). Make a list of the organisms you’d like to test for, and then find out what (or if)
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2.

commercial test kits are available for
each. Generally, test methods will fall
into one of two broad categories—
molecular or antigen—with significant differences in expertise and
facilities needed to perform these
(see sidebar " Molecular versus
antigen testing").
E
 stimate how many tests you’ll
want to perform, then compare
costs of external testing against
setting up internal testing for each
target. Remember to consider labor
costs, instrument maintenance,
costs of any required positive control materials, and overhead costs
of any space required. All factored
in, which approach gets you the
results cheapest?

The above process should be done for
every target desired, and may give different answers for different pathogens. As a
very general rule of thumb, antigen based
testing can make sense in-house at low
numbers as it requires little to no infrastructure, specialized staffing, or large
capital outlays. Molecular testing will
need all of these and unless the equipment
and staff is used at near maximum capacity, it can’t compete with cost effectiveness
of a commercial “core laboratory.”

Sensitivity and Specificity:
You Can’t Have your Cake
and Eat It Too
Regardless of where tests are run, it’s important to understand a frustrating truth:
no assay is perfect, and they all balance
sensitivity (% true positives detected as
positive) versus specificity (% true negatives detected as negative). A more detailed
discussion of this topic is beyond our scope
here but essentially, from that optimum
balance, even small increases in sensitivity bring large increases in false positive
rates. In reality, good tests are often in the
97–99% sensitive range. It’s important
to understand the real-life implication of
that—one in 30 to one in 100 “negative”
results is actually positive.
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Selecting an External Test
Provider: What to Look For
If your considerations lead you to looking for
external testing, it’s important to pick a service provider you can rely on. Don’t hesitate
to ask them some questions such as these:

1. W
 hat’s the sensitivity of your as-

2.

3.

say, and how does that compare to
the expected pathogen titre (copy
number)? (Ideally, you want assays
to have >99% detection probability
at expected pathogen loads in true
positive samples; even this may
not be enough to detect very low
levels such as latent organisms).
H
 as the assay specificity been tested, and if so, against what? (At a
minimum, the host cannabis plants
themselves shouldn’t trigger false
positives; verification of non-cross
detection of a range of other known
cannabis pathogens is even better).
W
 hat controls are run per assay
and per sample? (All tests should
contain or be parallel with positive and negative controls to confirm assay function. For RNA based
assays it’s essential to have an
in-sample control to confirm intact RNA was tested, not degraded
remnants which will test negative
regardless of true status).
What’s involved in sample collection and transport to the laboratory, and how does this address
sample stability? (This is particularly critical for RNA based testing.
RNA is quite unstable and significant losses are expected in unprotected ambient shipping. At best
these will greatly reduce stated
sensitivity limits, and at worst will
lead to false negative results; this
underlines the importance of the
control described above).

4.

If your candidate laboratory can provide reasonable answers to these questions, that’s a great start. As people in
the quality assurance (QA) field say
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though, “trust but verify.” Good next
steps in initially validating a laboratory would be to send multiple blind-labeled replicates of samples (that is, the
test laboratory won’t know them). If you
send three replicates each of 10 samples (ideally, five each positive and negative), and all replicate sets are internally
consistent, and sets report as expected,
that’s excellent. If, however, it looks like
someone’s flipping a coin to determine
within or across sets what’s positive and
what’s negative, your only possible conclusion can be that you can’t have much
confidence in the results.
In addition to doing a process like this
as an initial qualification test on a service provider, it’s worth doing on a smaller
scale at intervals. Perhaps once a year, slip
a few opaquely labeled known replicate
samples into your test stream, and see if
you’re continuing to get consistent valid
results back.
These sorts of external quality Assurance processes are mandated norms in
most medical testing. For what it’s worth
to your operation, you should be using this
approach, too.

Nobody’s Perfect: Sometimes,
You’re Just Going to Get
a Wrong Result
This was covered above, but it’s so critical
that it bears reiteration in a slightly different format. Regardless of whether you
perform tests in house or send out, you
will sometimes get wrong results.
False positive results are often the
easiest to detect, if negative controls go
positive. They’re also most easily prevented, as they usually arise from poor
(and correctable) laboratory practice—
cross contamination from other samples or positive controls being the most
likely culprit, followed by cross-reaction
to off target species. In this context, real-time (RT)-polymerase chain reaction
(PCR) methods are far superior to obsolete endpoint gel resolved methods and
highlights value of specificity tests in assay validation.
cannabissciencetech.com
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False negative results can be much
more insidious, as they can arise from
a number of causes. Some such as sample degradation (remember RNA instability) can be partially protected against
with internal controls. Other causes, such
as low level PCR inhibitors—enough to
mask a low-level true positive but not
enough to kill the assay positive control
test—can go undetected. For molecular
assays, mutations under (RT)-PCR primers (and probes, for probe based assays)
can either block amplification or detection of targets, respectively, and do so in
a way which looks fine to all reasonable
controls. If you’re dealing with an RNA
target, this is almost guaranteed to happen at some point and in some frequency
of samples. Variability in pathogen load
around the plant can be an issue too; if
your sample isn’t from an actively infected section, it may test negative yet not accurately represent what’s going on elsewhere in the plant (and likely spreading).
The key here is to remember, absence
of proof is not proof of absence! Strictly speaking, assays of the type discussed
here should be reported as “Detected/
Not Detected.” “Not Detected” is not synonymous with “not present,” and never
can be. Failure to understand this nuance
can lead to unpleasant consequences.

Look at Results
in Biological Context
Regardless of test results, don’t ignore
the evidence of your eyes. If a plant is
visibly sick, no number of “Not Detected”
test results will make it healthy or reduce
risk of it transmitting something—maybe something novel you’re not testing
for—to the rest of your grow. Isolate or
destroy it early to minimize risk! Similarly, use some judgment in cases of positive
results. While immediate quarantine
of suspected positive plants is a great
idea, if they don’t show overt disease,
bear in mind molecular methods can
detect non-viable pathogen remnants,
or perhaps that variety has an effective
resistance mechanism, and will continue
cannabissciencetech.com
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SIDEBAR: MOLECULAR VERSUS ANTIGEN TESTING
Molecular testing is the detection of target nucleic acids (DNA or RNA) as evidence
for presence of a particular target pathogen. While it has advantages of highest
sensitivity and easiest, fastest adaptation to new and additional targets in a
properly equipped facility, “properly equipped” doesn’t come cheaply either in
terms of equipment, functional testing space, or personnel with requisite skills to
reliably perform this class of testing. Most molecular testing will be either PCR or
RT-PCR based (for DNA or RNA targets, respectively) and done on what are referred
to as “real-time” platforms. More traditional—frankly, archaic—end point (RT)-PCR
approaches with gel resolved product detection exist in the literature; leave them
there! In real life, those approaches are too contamination prone (generating false
positive results) to be reliable. A less common class of molecular assays best
exemplified by LAMP methods utilize less expensive infrastructure requirements
but are not available for many targets (they’re significantly more challenging to
develop than (RT)-PCR methods), and in real use suffer from high false positive
rates. All molecular methods have three main weaknesses. First, detection of target
nucleic acids, particularly DNA, doesn’t mean there’s viable (infectious) organism
present—you can be detecting leftover remnants from nonviable organisms which
came in contact with your sample in the past. Second, extreme sensitivity is a
double edged sword; for some organisms, any at all is too much and a sign of
trouble, while for others, very low levels may not be a problem. A purely qualitative
result doesn’t distinguish between these, and while semi-quantitative methods
exist they add more challenge and complexity. Third, they depend on stability of
target nucleic acid sequence; mutations or variations, such as those that are very
frequent in RNA viruses and viroids, can lead to false negative results.
Antigen based testing relies on the detection of pathogen proteins—“under
the hood” through binding to custom prepared antibodies—and can exist in rapid,
low cost formats most closely akin to home pregnancy tests. These dipstick style,
look-for-the-line lateral flow immunoassays can be performed on site by anyone
with minimal training. The analytical sensitivity is orders of magnitude below
molecular methods but functionally, it’s more than good enough to detect ongoing
active infections. Because these methods bind protein epitopes under greater
selective pressure than the underlying nucleic acid sequences, antigen based
detection is less prone to false negative results from target species mutation than
molecular methods.

to grow and flourish even in presence of
low pathogen load. As cannabis pathogens and their behavior in large scale
cultivation are better studied, all of this
will gain further meaning wherein some
pathogens will be known immediate critical detections (“there’s no such thing as
a harmless XYZ”) as opposed to more opportunistic pathogens (“FGH is frequently seen in this context and at low levels
doesn’t negatively impact growth”).

Conclusions
Effective testing is key to getting and
maintaining healthy large scale cannabis
grow operations. Consider your needs
and resources in determining what to
test in-house versus what to send out.

Evaluate potential external test providers
with questions and with blinded replicate
samples. Understand real life limitations
of testing methods, and be ready to retest
or challenge results that don’t match
observed reality.
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Autoflowering
Genetics Present
Unique Opportunities

A DA M JA C Q U E S , C H R I S T I A N W E S T, A N D Z A C A R I A H H I L D E N B R A N D

Until now, the discussion about cannabis cultivation has been dominated by the debate
over indica versus sativa. However, with the recent emergence of autoflowering varietals,
cannabis ruderalis-based genetics have garnered significant notoriety for various reasons;
including their relative ease to cultivate and their independence of a traditional photoperiod.
In this piece, we touch on the benefits and challenges associated with autoflowering
genetics, and provide justification for why these unique varietals may be the catalyst for
making cannabis medicine more accessible and approachable for the general population.

A

S THE CANNABIS industry continues to evolve
and progress from one perceived “fad” to another, one has to wonder to what extent these new
developments will improve the growth and sustainability of this multidisciplinary enterprise moving forward. For example, the seemingly systematic adoption of
cannabidiol (CBD) as a panacea, has made for its rather ubiquitous integration into a wide range of household products:
from creams and lotions to BBQ sauces and even pillows. Unfortunately, this has led to a FOMO-induced (fear of missing
out) mania that saw Group III cannabis (hemp) cultivation
experience exponential growth, which ultimately triggered a
precipitous decline in hemp commodities pricing, with many
once-keen farmers and entrepreneurs holding the bag. One
could argue that the unregulated surge in hemp cultivation
fueled its own demise and did not make a resounding beneficial impact on the cannabis industry for more than a couple
of years. With that in mind, is there something else out there
on the cannabis cultivation horizon, beyond the mass production of a single cannabinoid, that can have a lasting and
sustainable effect on this burgeoning industry? The answer
may come from a humble provenance.
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Cannabis ruderalis genetics originated from Asia and
Europe, where they adapted to extreme environments
and relatively short growing seasons. Ruderalis plants
are generally short and stocky compared to their indica and sativa counterparts, but are most famously known
for producing flower material that is grown independent
of photoperiod. As a result of this characteristic, ruderalis-based varietals are often referred to as “autoflowers”
as they uniquely flower in conjunction with producing vegetative mass. Ruderalis genetics are often unfairly characterized by the synonymous term “Ditch Weed,”
which is a reference to the robust ability to grow almost
anywhere, such as the barren terrain one might find on
the side of a railway line, and its relatively low phytochemical content. Many associate ruderalis varietals with
“fiber-type” hemp, which generally expresses very low
levels of the primary cannabinoids (tetrahydrocannabinol [THC], CBD, cannabichromene [CBC]), and little-tono terpene content. Nonetheless, the latest commercially available autoflowering genetics have come a long way
in recent years, both in phytochemical production and in
the ease of use.
cannabissciencetech.com
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Figure 1: Autoflowering cannabis can easily be grown outdoors (left), in a greenhouse (center), or indoors under your
favorite full-spectrum lights (right). Genetic is Cattail Grape by ZED Therapeutics.

Benefits of Autoflowers
One of the most compelling attributes
of autoflowering varietals is their ease
to grow. Because of their independence
from the traditional photoperiod,
autoflowers or “autos” can be grown by
anyone from a renowned Master Grower to a keen newbie with little-to-no experience. Imagine going into your local
grow store and buying an auto seedling
in a 5-gallon pot of premium soil that
you can then put on your porch or in a
window and enjoy cannabis cultivation
on the easiest level. It’s akin to the
“set it and forget it” style of making a
delicious pot roast (pun intended) in
your Instant Pot while spending your
time away from the kitchen. And while
the perception of cannabis as a viable
medicine is continuing to expand well
beyond the initial sub-culture, autoflowering varietals could be the gateway
for any untrained, yet interested party,
to dabble in personalized cultivation,
thus making cannabis more approachable en masse.
cannabissciencetech.com

It’s important to mention that current autoflowering varietals express
all of the same medicinal benefits and
phytochemicals (cannabinoids, terpenes, and flavonoids) as their photoperiod counterparts, with the
additional ability to grow and flower pretty much anywhere in the
world. Furthermore, using regular
non-feminized auto seed for food and
textile crops is a reproducible process
that could create unique economic opportunities for developing nations
with very little investment.
Additionally, autoflowering analogs of specific photoperiod strains
can be produced through selective
breeding cycles, just like any other genetic. The ability to breed autoflowering characteristics into any Groups
I, II, and III strain of cannabis has allowed the industry to enjoy a much
more robust repertoire of options,
compared to the undesirable ruderalis
genetics that occupied grow rooms as
little as 5 years ago (see Figure 1).

Another positive attribute of autoflowering varietals is the relative
speed of their growth cycles. Autoflowers outpace their photo-dependent counterparts quickly after germination, reaching their adulthood after
around two to three weeks versus four
to six. From there, autos immediately begin their reproductive stage, producing the first pistils that will multiply into buds. But the vegetative
growth doesn’t stop at this point. Autoflowers continue to show how specialized they are in producing plant
material quickly, as they grow in stature rapidly through the first month
or more of flowering (Figure 2). After that, outward growth comes to a
halt and the plant focuses on producing terpenes and cannabinoids. Historically, autoflower varieties have
taken from 12-14 weeks from germination to reach their height of ripeness. Today’s skilled breeders have
created genetics that produce better quality flowers in an amazing
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Figure 2: The Cattail Grape cultivar grown in shallow soil beds maturing rapidly over the course of multiple weeks
(from left to right, <10 weeks from seed to finished flower).

8–10 weeks from germination. In contrast, common photo-dependent cultivars need an additional 4–6 weeks
of long-day, vegetative growth before
their 8–10 weeks of flowering time to
achieve the same production.

Drawbacks of Autoflowers
Autoflowering genetics have been
characterized as having generally poor
taste and aroma profiles; in many cases
characteristic of fresh cut grass and
hay. Historically speaking, the phytochemical profiles of many autos have
been relatively devoid of terpenes and
flavonoids. Breeders have been moving
forward with these original ruderalis
types and dramatically improving their
flavor and aroma by mixing them with
market proven genetics and selecting
for the autoflower traits.
Additionally, there is very little
time during an autoflower growth cycle to address critical issues in the
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grow. If you are not growing for commercial use then airy buds and smaller-than-average yield are no big deal.
However, for a farm operating on thin
margins, bud structure, yield, and phytochemical content can be make-orbreak issues. Understanding how to
optimize growing conditions and feeding regimens is key for scale production of these genetic types. As we drift
further away from the ruderalis tendency and only identify the autoflower trait we see less and less of these issues, but it is important that we feed
these plants for dense flowers, having a
readily available source of organic nutrients abundantly available in the soil
for uptake as needed.
The major selling point of an autoflower is its ability to flower under
a myriad of lighting cycles. However,
this is also a downfall of this type. If
you identify a winning phenotype it is
not possible to take a clone that can be
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perpetuated for selfing. Even under a
24 hour-a-day lighting cycle it will continue to flower. Through filial breeding
you can work varieties into a close representation of uniformity but this is a
daunting task, especially when creating feminized seed. It is important for
many to use feminized autoflowering
genetics as the males can and will drop
flowers and pollen very quickly after
germination. One missed male will pollinate and seed your entire crop. Furthermore, to get an auto to reverse you
must start your chosen reversal method very quickly leaving very little time
to observe each plant’s genetic expression. It is imperative to start multiple plants for reversal so you can select
your actual donor further into flower.
This takes time, daily observation, and
a bit of luck. Ideally you will find a pair,
one reversed one female, that are nearly identical to each other, from which to
create your first filial generation. From
cannabissciencetech.com
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there you can further work that line using the aforementioned strategies until you reach uniformity. Most home
growers don’t mind autoflowering genetics that aren’t exactly uniform but
at a legal market level the crop batches
must be uniform for accurate tests and
consistent product. This is commonly achieved with clones from a mother
that are 100% the same. The inability to
clone autoflowering genetics makes this
nearly impossible. Therefore, all autoflowering genetics must be grown from
seed. Even with a years-long lockdown
and uniformity breeding regimen on
these genetics there is always a chance
for a genetic mutation in a seed that can
express in many ways. It could be as benign as a differing terpene expression
or as detrimental as a hermaphrodite

that pollinates and dramatically drops
the value of your crop.

Conclusion
When done properly, one can create
an autoflowering genetic that is uniform, consistent, and able to produce
multiple crops per year in outdoor or
greenhouse settings with very little
additional work and no need for supplemental lighting. It is also amazing
for locations on the globe with +/12/12 hour lighting cycles where typical
plants flower before the vegetative
cycle can complete, or where there
are highly variable lighting conditions.
Autos are plants that, at the base level,
are extremely simple and fun to grow
for a home gardener or hobby grower,
but strict steps and robust knowledge
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are crucial to use them at a commercial level. Is it extremely important
as a commercial grower not to buy
random market autoflowering genetics
because of likely, massive heterogeneity in flowering times, aroma, flavor,
plant morphology, and analytical
testing results. With all of that being
said, it’s time to celebrate autoflowering genetics and the opportunities that
they present for more folks to explore
cannabis and hemp cultivation.
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Mycology 101:

Understanding Mold as a Threat
in the Cannabis Industry
EMILIA RICO

W

HILE PEOPLE HAVE been using cannabis for centuries, the modern safety practice of microbiology testing and
consumer safety protocols for cannabis
products has only come into play over the last decade in
the US. And while there are many advocacy groups helping the population at large understand all the medicinal
and adult use benefits of cannabis, there is extremely
low awareness of the negative impact that poorly tested cannabis products can have on consumer and medical patient health.
When it comes to consumption and safety, what most
consumers don’t know is that molds in cannabis can do
harm. As with any agricultural product, there are points
within the supply chain from seed to shelf that can
present risk. The impact extends to brand reputation
of the cannabis farmer, cultivator, and product manufacturer. The economics and public health issues can be
highly damaging to the cannabis industry overall.

What Is Mycology and Why Is It
Important to the Cannabis Industry?
Mycology is this study of fungi, which consists of
yeasts, molds, and mushrooms. It includes the research
of their morphological, genetic, biochemical properties, ecology, and taxonomy. In the case of crops such
as cannabis, mycology helps explain the relationship
between the cannabis plant with plant pathogenic fungi
such as Fusarium, Botrytis, and some Penicillium species
during growth and the relationship with fungal species
such as Aspergillus contamination post-harvest and
during storage. These groups of molds are the associat-
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ed mycobiota. Harvest, storage, and curing are susceptible stages for cannabis crops, but infection can begin
while the plant is alive.

What Is Mold and Why Do We Care?
For most, mold is instantly recognizable, as most people have discarded a piece of fruit or expired leftovers
after immediately identifying the all-too-familiar fuzzy
growth. Mold, loosely defined, is a growth of microscopic fungi on vegetable or animal matter covering
surfaces as fluffy mycelia. Species of the genera Aspergillus, Penicillium, and Rhizopus are associated with
cannabis plant diseases and stability after harvesting
and storage. Some of their species are recognized as
fungal pathogens not only for plants but also
for humans.
Fungal pathogen presence, already a concern with
those in the cannabis industry, will continue to be a
critical issue as cannabis demand grows in the marketplace and both medical and adult-use cannabis become
more commonplace. Some mold species are responsible
for several serious respiratory illnesses, including aspergillosis. That threat is elevated for those who are immunocompromised and using cannabis for health conditions, including cancer.
Mold contamination can also wreak financial havoc,
and can affect the entire supply chain, causing devastating losses of product. The economic implications alone
can cause any cultivator to pause and reexamine the
system in place. The investment up front in safety and
quality measures is worth the risk of potential issues,
including waste, further down the line.
cannabissciencetech.com
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Specifically, What
Is Aspergillus?
Aspergillus is a type of mold or filamentous fungi. It can be found in
cultivated soils, seeds, crops, and on
decaying plant material and harvested
crops. Aspergillus species can grow
in a wide range of temperatures and
spores are dispersed mainly through
the air but can also grow in soil and
other growth mediums.
Some Aspergillus species are used
in the biotechnology industry. They
produce citric acid, statins, and enzymes. They can be beneficial in that
sense, but other types can be harmful and potentially very dangerous.
Some of the species produce mycotoxins such as af latoxin and ochratoxin, some are allergenic, and some
of them certainly can cause invasive
aspergillosis. Because of this, Aspergillus is one of the most dangerous
cannabis pathogens.

Mitigating Risk
Preventive control measures during
production and drying are imperative to ensure the absence of
pathogenic Aspergillus spores. It has
been documented that people can
become sick just by exposure to the
spores through handling cannabis
and are even susceptible through
secondhand smoke of cannabis as it
can also contain dangerous spores of
these pathogens.
Management of these fungal pathogens requires monitoring of the
growth environment for Aspergillus spore levels and implementation of sanitation methods to reduce
these levels and sources of contamination. Because cannabis can be
grown hydroponically or in greenhouses, there is a little more control.
The first step is implementing high
quality growing practices. When a
cannabissciencetech.com

cultivator finishes a crop, each indoor room must be cleaned and sanitized before embarking on a new
crop. Preventative measures also include lowering the relative humidity
to less than 50% wherever possible
and keeping the temperature low,
around 70 °F or below, and avoiding
condensation on surfaces.
Once the product is cut and is going to be dried, it is essential that the
relative humidity and temperature
is low. The faster it dries, the better.
Additionally, it is important to protect the product from extreme conditions, such as rapid movement from
cold to warm environments. This
drastic change in temperature, which
is common when transporting in
non-environmentally controlled vehicles, can result in moisture condensation inside the bags, which may allow microbial regrowth.

What Can Be Done About It?
Proper testing is the answer. Cannabis must go through rigorous testing
to determine the presence of fungal
pathogens. To start, a test must be
run for a total yeast and mold count.
The best way to access the total
count is through a validated, AOAC
approved testing method. This allows
cultivators and manufacturers to confidently assess total fungal population
of their product to meet compliance
requirements of state regulations and
ensure accurate results.
Second, for specific pathogenic Aspergillus detection, a validated AOAC approved polymerase chain
reaction (PCR) test is recommended since cultural methods require
longer time and training of the technician on how to recognize these Aspergillus species. Using a method that
cannot only detect Aspergillus but
specify which of the four regulated
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pathogenic species is present, allows
cultivators and manufacturers to
make quick, data-driven decisions for
their operation.

Closing
When it comes to mold, prevention
of the contamination is key. Being
prepared at the start of the process will significantly decrease the
chances of defective product in the
marketplace and the devastating economic and reputation losses suffered
for a business. To determine if the
product is contaminated by yeast
and mold as well as the four Aspergillus species, choosing a validated
AOAC PCR test that uses the right
primers that are specific for Aspergillus species is essential.
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How Does Carbon
Dioxide Enrichment

Affect Environmental Control?
BY S A M U E L B U R G N E R

This article series explores some of the more technical aspects of cannabis cultivation
that growers should understand in order to run their businesses more efficiently and
more profitably. In Part V, we explain how plant-growth parameters interact with carbon
dioxide content in grow room air and how cultivators can best apply this knowledge to
their commercial cannabis production facilities or research programs.

I

T IS ALL too common to refer to soil nutrients as
“food” for plants, when the real food plants consume is carbon dioxide and photosynthetic light.
The remaining parameters of growth are supporting
or limiting factors.
In Earth’s atmosphere, carbon dioxide (CO2 ) content is
around 0.04% (400 ppm) depending on location and oxygen (O2 ) content is around 20–21%. Plants utilize both
molecules for growth, but because CO2 makes up such a
small percentage of air, plants have become very sensitive to fluctuations. Changes in the CO2 content of the air
shifts how a plant regulates gas exchange through its leaf
pores and how it stores and uses carbon. When CO2 content increases, stomatal pores tend to close more and vice
versa when CO2 content drops. These changes at the physiological level significantly alter the moisture load on environmental control equipment.
The first article in this series introduced a major protein
in leaves (1): the enzyme RuBisCO. RuBisCo utilizes CO2
during photosynthesis (net gain of energy) or O2 during
photorespiration (net loss of energy) to supply metabolic material for growth as well as maintain the various tissues already produced by the plant. From a grower’s perspective, photorespiration is an undesirable process as it
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restricts new growth by consuming captured photosynthate to keep itself functioning in undesirable conditions.
This typically happens when the CO2 content of the air is
low (less than earth ambient) or temperature is very high,
increasing oxygen solubility in the cell.

CO2 Enrichment in Cannabis Cultivation

Boosting cannabis growth rate with CO2 enrichment is
dependent on light intensity, leaf temperature, substrate
size (carbohydrate storage by roots) and nutrient concentration—primarily nitrogen. Without sufficient light intensity,
nitrogen fertilizer, rootzone size, and optimum leaf temperature, the growth response will be limited. If these factors are
not balanced, the return on investment for supplying those
resources decreases.
By enriching CO2 content to 0.06% of air, the chance of
RuBisCO binding O2 is very low. In response to these conditions, binding sites for O2 on RuBisCO begin to decline.
Most cannabis production facilities do not supplement CO2
beyond 0.15%. At 0.08%, the optimum return on investment has been reached and there are diminishing returns
for further supplementation as the most limiting factors on
carbon capture are eliminated. Supplementing further to
0.1–0.12% will fully saturate photosynthesis during highly
cannabissciencetech.com

cultivation

productive growth phases (such as the
initial three to five weeks of the generative phase of cannabis) but the gain in
growth rate for pushing to these levels
is much less than the jump from 0.04%
to 0.08%.

CO2, Photosynthesis,
and Plant Growth Stages
There is no evidence that supplementing CO2 negatively influences cannabis
growth, but there is a good chance you
may be using more than needed to get
the most out of your investment. During
the propagation and vegetative stages,
most cannabis strains are unable to utilize high light intensity. This is primarily

cannabissciencetech.com

an effect of transpiration as the root system needs to mature to supply enough
water under a high radiation load. Each
stage of growth should have its own CO2
range that best supports the growth
potential under the current temperature
and lighting conditions.
In the vegetative phase, 0.06–
0.08% CO 2 is enough to greatly increase the rate of root and shoot
growth under any light intensity, but
without this amount of CO 2 the plant
will be unable to use the total light
supplied unless intensity is quite low
(<200 µmol m-2 s -1). The CO 2 setpoint
at which return on investment (ROI)
decreases is dependent on the light
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intensity and growth stage. Shortly after forcing cannabis into generative growth by restricting light for
12 hours, the photosynthetic capacity greatly increases, and the total
light intensity should be ramped up
over time. It is critical to also increase
CO 2 content at this time, otherwise
much of the light will be reflected or
re-emitted as RuBisCO will be unable to capture carbon fast enough to
keep up with the light reactions of
photosynthesis without additional
CO 2 . If CO 2 is not supplemented when
light intensity is increased, the photosynthetic rate will decrease as the
plant experiences the chronic stress
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of excess light in the absence of additional carbon substrate.
In an effort to ensure maximal
growth, many growers keep CO2 content at 0.15%. In this case, you’ll want
to pay very close attention to the
plant’s response. If photosynthetic rate
increases , then the amount of carbohydrate storage available in the plant
will also need to increase. The light reactions of photosynthesis capture energy from air and light, but the dark
reactions of photosynthesis use that
energy for growth 24-hours per day.
Many scientists present “CO 2 response curves,” which show how high
photosynthetic rates can be at saturating light intensity when CO 2 concentration is incrementally increased
over a 30–45 minute period. This really shows how fast a plant can “sprint,”
but it does not show how long it can
sustain that rate of carbon capture.
With unlimited root growth, frequent pruning or training of the canopy, and high nitrogen levels, it’s likely that this rate can last a long time,
but each species and varietal may
need a specific pattern. Signs of damage from high CO 2 are often seen as
necrotic and chlorotic leaf spots as so
much carbohydrate is captured that
the plant starts to signal the leaves to
cease photosynthesis.
Plants form a circadian rhythm based
off of the photoperiod (lights on) and
scotoperiod (lights off) and begin to
anticipate when light cycles will end.
In response to this, you may notice the
leaves droop toward the end of the day
as the energetic demand has been satisfied and the leaves no longer need to be
upright harvesting light. If you notice
this happening hours before the end of
the photoperiod, it could be that you
are supplying too much CO2 without
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enough space for additional root mass
and the plant will slow activity earlier
in the day. This only applies to the end
of the photoperiod—if your leaves are
drooping all the time, it could be one of
many problems.
Just like the ability to absorb light,
the potential to capture CO2 increases with a more mature root system. The
roots are a major storage location for
carbohydrates and respiratory activity. Mature roots tend to hold more carbohydrates stored than fine root hairs
which primarily absorb moisture. Systems such as deep-water culture allow
for unrestricted root growth, but introduce issues such as uncontrollable water-borne pest infection (pythium and
fusarium) and risk inadequate oxygen concentration if not supplemented
through injection systems.

Final thoughts
The key takeaways are that growth
enhancement from CO2 supplementation peaks at 800–1000 ppm for most
growth stages, higher light intensity is
required to get the most out of supplementing CO2, and sufficient root zone
volume and mass is required to prevent
down-regulation of photosynthesis.
Keep in mind, new cannabis genetics
are constantly being explored and created and most have not been thoroughly studied to identify their maximum
limitations and possibilities and it is
possible that even higher concentrations may be merited in the future.
Some genotypes are more sensitive
than others to environmental conditions, so it is important to consider
multiple environmental variables.
Maintaining high CO2 is easily attainable for indoor operations with
well-sealed production spaces, but
many greenhouse producers rely on
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ventilation as part of climate control
and have more difficulty in maintaining a high concentration. For both indoor and greenhouse climates, focus
on injecting CO2 at the plant canopy.
There are slow diffusing tubes that can
be placed in the canopy to release CO2
gradually in response to consumption.
Keep your sensors close to the canopy
since the goal is to keep the plant canopy enriched, not necessarily every corner of the room. In greenhouses with
heavy ventilation, this method of enrichment is essential to maintain a high
concentration around the leaves.
With this knowledge of how CO2 affects photosynthesis, you can start to
identify what concentration is right for
your crop at your light intensity, temperature setpoint, nitrogen fertilization rate, and rootzone volume. CO2 not
only affects the rate of photosynthesis, but also has significant effects on
stomatal pores, which can drastically
change the transpiration rate and subsequently the size and flexibility of environmental conditioning equipment
(2). Keep all of these factors in mind
when designing your room control setpoints and the equipment you trust to
maintain those variables.
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