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T  
he safety of cannabis is under near-constant debate. 
New studies are published every week weighing in 
on the benefits and harms of cannabis- or hemp-
derived products on those who choose to use them. 

But while we worry about the effect on consumers, there are few 
studies exploring the risks to those working in the industry. Farms, 
grow rooms, and processing plants all expose workers to a number 
of potential dangers, and occupational health and safety (OHS) 
research in this area is still at an early stage. 

A 2018 review article by Maggie Davidson and colleagues noted 
that the majority of OHS data  we have were derived from studies 
in the hemp textile industry during the late 20th century – a very 
different environment to a 2020 extraction plant (1). And the 
studies that are now starting to emerge from the legal cannabis 
sector raise some important concerns.

Australian researchers measured dust concentrations in a hemp 
processing facility and warned that workers in the industry “are at 
risk of developing permanent and disabling respiratory disease” (2).  
The authors describe seeing a visible “haze” of dust throughout the 
plant, yet PPE was only worn during milling operations, highlighting 
“an urgent need for further industry consultation and collaboration.” 

Another study measured particulates and volatile organic 
compounds (such as terpenes) in two indoor facilities in Washington 
State (3). Particulate levels were within current US regulations 
for “particulates not otherwise regulated” – the catch-all category 
that cannabis and hemp dust currently falls under – but above the 
limits set for other comparable industries, such as textiles. The USA 
currently has no specific OHS limits for cannabis dust or terpene 
exposure. Given that workers are reporting respiratory symptoms 
(4), there is an urgent need for specific guidance for the industry.

Mold is another concern, and a recent study reported high levels 
of airborne fungi in indoor growing facilities in Colorado (5). Most 
territories mandate testing of cannabis products for harmful fungi 
like Aspergillus spp. before sale, but the impact on farmers working 
in high humidity, or production workers breathing in dust from 
contaminated plants, has not been fully assessed.

The legal cannabis industry already employs over 240,000 people 
in the US alone, and that number is predicted to rise by 250 percent 
by 2028 (6). Guidelines, such as those from the State of Colorado 
(7), are a starting point in keeping workers safe, but research to 
establish specific limits and explore long-term impacts of respiratory 
irritants should be a priority.

Charlotte Barker
Editor

Green Collar Crisis?
Occupational health in the cannabis industry is a neglected safety concern
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THC on the Brain
How does THC cause changes 
in behavior? It’s more 
complicated (and fascinating) 
than we thought…

6 Upfront

We already know that THC – along with 
most other psychoactive drugs – causes 
behavioral changes by interfering with 
the release of neurotransmitters (such 
as dopamine) from neurons in the brain. 
However, a paper published recently in 
Nature suggests that’s not the end of 
the story (1). 

Previously, behavioral effects of THC were 
thought to arise exclusively from binding to 
CB1 receptors on the surface of neurons, 
causing them to release neurotransmitters. 
In the new study, researchers from Spain, 
France, and Germany identified an 
alternative mechanism, involving CB1 
receptors in the mitochondria of neuron-
supporting cells known as astrocytes. 

Astrocyte mitochondria produce 
lactate, which is shuttled across to 
nearby neurons as an energy source. 
THC blocks the production of lactate 
in astrocytes and, without this fuel, 
neurons become stressed and may die. 

To confirm their findings, the 
researchers injected THC-treated mice 
with lactate. Mice given THC tend to 
spend more time alone – when lactate 

was administered, their behavior returned 
to normal, proving that this pathway is 
responsible for some of the behavioral 
effects of THC in mice. If this turns out to 
be true in humans, it opens up a whole new 
avenue of research into how cannabinoids 
affect behavior. 

In an accompanying Commentary article 
(2), neuroscientist Pierre Magistretti, 
who was not involved in the study, draws 
attention to the wider implications of the 
research,  “Taken together, Jimenez-Blasco 

and colleagues’ observations highlight the 
importance of taking a broad view of how 
complex behaviours are regulated, beyond 
simple neuron-to-neuron communication 
[...] This exciting link is sure to be much 
studied in the future.”
 
References
1. D Jimenez-Blasco et al., Nature, 583, 603 

(2020). DOI: 10.1038/s41586-020-2470-y 
2. PJ Magistretti, Nature, 583, 526 (2020). 

DOI: 10.1038/d41586-020-01975-5

In Numbers: 
Cannabis Drinks
Beverages are one of the 
fastest-growing segments of 
the cannabis and hemp market

A growing market

Upfront
Research
Trends

Innovation

 I N F O G R A P H I C 

Forecast market value 
 2020  
$1.15 billion 
 2025 
$2.84 billion

of US adults have tried or would try 
drinks containing cannabinoids



What’s new in cannabis analysis?

• Cannabis QA The USA’s 
National Institute of Standards 
(NIST) launched a quality 
assurance program for testing 
labs to help improve the 
accuracy of label claims on 
cannabis and hemp products. 
The program is similar to a 
proficiency test (without the 
pass/fail grade) and will involve 
labs testing samples of hemp oil 
provided by NIST (1). 

• Up in Smoke Researchers used 
GCxGC-TOFMS to chemically 
characterize smoke from cannabis 
“blunts.” They identified two 
compounds that have never been 
seen in smoke before - mellein 
and 2-phenyl-2-oxazoline (2). 

• New FDA Guidance The 
US FDA released new draft 
guidance on clinical research. 
The guidance covers “sources 
of cannabis for clinical 
research, information on 
quality considerations and 
recommendations regarding 
calculating THC levels” and 
is open for comment until 
September 21, 2020 (3). 

• CBD Label Claims Fail to 
Stack Up In response to a 

request from US lawmakers, 
the FDA revealed that they 
had tested 147 CBD-infused 
products and found that a 
substantial proportion were 
mislabeled – containing more 
or less CBD than listed or 
THC at prohibited levels. Plans 
are afoot for a larger study (4). 

• Pre-Roll Panic California 
testing lab SC Laboratories 
detected worryingly high levels 
of the pesticide chlorpyrifos in a 
batch of pre-rolls and traced the 
problem to the rolling paper (5).  

To find out what’s next for cannabis 
analysis, turn to page 14. 
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1. NIST (2020). Available at:  

bit.ly/2P81YOY 
2. T Klupinski ewt al., Inhal Toxicol, 32, 177 

(2020). DOI: 10.1080/08958378.2020
3. CDER (2020). Available at:  

bit.ly/2DjRKsc
4. I Moreno, Hemp Industry Daily (2020). 

Available at:  bit.ly/3jV93Rc 
5. J Devine, LA Weekly (2020). Available at: 

https://bit.ly/3jKTkE9

 T E S T I N G ,  T E S T I N G …

For more on the challenges cannabis beverages pose for testing labs, turn to page 14.
Sources: 1. Grand View Research (2020). Available at: bit.ly/3gkfU4h
2. Prohibition Partners (2020). Available at: bit.ly/2D5XBSc
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Nominations 
Open for The 
Cannabis 
Scientist Power 
List 2021
Join our annual celebration 
of the leading lights of 
cannabis science

Do you know someone who deserves 
to be recognized for their work in 
cannabis science? A pioneer unraveling 
the complexities of the plant? A medical 
innovator teasing out the potential 
benef its and harms? A colleague, 
mentor, or hero?  

If so, why not nominate them for The 
Cannabis Scientist Power List?

The Power List is a celebration of 
good science in all aspects of cannabis 
cultivation, processing, testing, and 
medicine. For the 2021 Power List, 
we are adding several new categories 
to cover a wider range of cannabis 
scientists. Our “5x5” will be made up 
of the top five scientists across five 
different areas:

• R&D Trailblazers: exploring 
the medical benefits and risks of 
cannabis and cannabinoids

• Analytical Gurus: keeping 
consumers safe with better 
cannabis testing and analysis

• Processing Pros: helping the 
industry evolve through improved 
processing and extraction

• Plant Science Pioneers: deepening 
our understanding of the cannabis 
plant and developing better 
cultivation methods

• Inspirational Mentors: supervisors, 
colleagues or teachers who support 
and inspire cannabis scientists at 
all levels

You can nominate as many people as 
you like, in as many categories as you 

like. We can only consider people who 
are nominated, so don’t hold back – you 
can nominate yourself, a colleague, or 
anyone whose work you admire within 
the categories above. We particularly 
encourage nominations of scientists 
from underrepresented groups in  
the industry.

Nominations close on September 25, 
2020. The nominations will be reviewed 
by an independent (and anonymous) 
judging panel of industry experts, who 
will decide the final 5x5 lineup. 

The Cannabis Scientist Power List 
2021 will be published in the February 
2021 issue of The Cannabis Scientist 
magazine, in print and online. 

Visit www.thecannabisscientist.com for 
more details and to cast your vote.

A preclinical study showed that 
administration of THC was highly 
effective in preventing chemically 
induced acute respiratory distress 

syndrome (ARDS) in a mouse model (1). 
The researchers exposed mice to 

enterotoxin B, which usually leads to a 
cytokine storm that causes the immune 
system to attack lung tissues. The result? 
Rapid onset of ARDS and death within 
a few days. In fact, all of the mice in 
the untreated control group grew so sick 
they had to be euthanized. 

However, when the researchers gave 
THC immediately after exposure to the 
toxin none of the mice developed symptoms 
of ARDS and 100 percent survived.

These dramatic results have raised 
speculation that THC might help 
patients who develop ARDS as a result 
of COVID-19; however, the research is 
preliminary at this stage, with no guarantee 
it will translate from mice to humans.

Reference
1. A Mohammed et al., Front Pharmacol, 11, 

893 (2020). DOI: 10.3389/
fphar.2020.00893

Weathering the 
Cytokine Storm
In mice, THC halts the immune 
cascade that causes acute 
respiratory distress syndrome 
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How did KNAUER first get involved 
with cannabis?
Our involvement in the field was driven by 
feedback from our customer base. From 
the mid-2010s, customers and distributors 
started making noises about cannabis; by 
2017, the demand was too loud to ignore! 

At first, we were cautious – working with 
cannabis means a tremendous amount of 
paperwork and regulatory restrictions (1). 
But from a technology standpoint, it’s a 
great fit for us and we knew we could 
serve this market well. We are known for the 
quality and reliability of our high-performance 
liquid chromatography (HPLC) instruments, 
and those are important attributes for 
customers in this emerging sector.  

We decided to take the plunge and, 
three years on, we have a suite of three 
cannabis-specif ic HPLC systems at 
three different scales – quality control, 
purification, and production.

You have been busy! Where did you start?
We started small and scaled up over time, 
accumulating licenses (and enhanced security!) 
along the way. First, we developed the 
Cannabis Profiler, which allows quick and easy 
determination of six important cannabinoids 
(in line with the German Pharmacopoeia). 
Then we went on to develop more 
sophisticated analytical methods for up to 

16 cannabinoids. We then 
extended our license to 
include larger samples, allowing 
us to move up to preparative-scale 
HPLC. The resulting Cannabis Purifier 
makes it straightforward to produce high-
purity starting materials for applications 
in the pharmaceutical industry, for 
example. Finally, we moved into larger-
scale continuous liquid chromatography, 
with the simulated moving bed (SMB) 
chromatography-based Cannabis Producer, 
designed for high-throughput purification. 

Of course, we were not starting from 
scratch: all three products have our well-
established AZURA® HPLC systems at 
their core. 

What are the challenges faced by your 
customers in this area?
From the practical side, the matrix is 
typically the biggest challenge. There are 
some technical challenges in working with 
any plant material – in particular, sample 
preparation is often difficult, requiring 
multiple extraction steps. That means 
that the process has to be absolutely 
reproducible; otherwise, any differences 
will be amplified at each stage – a problem 
that is compounded once you move up to 
preparative and continuous scales.

However, the greatest hurdle by far is 
regulation. Just last week we had to cancel 
a planned project because – although 
both sides have a license to work with 
cannabis – we were unable to obtain a 
special license to transport the material 
from their lab to ours. While it is exciting 
when shipments arrive with an 
armed police guard, regulations 
are not always conducive 
to easy collaboration 
in this area. As license 
extensions, amendments 
and renewals are relatively 
longwinded, it is important 
to plan enough time 
(and patience) into 
these projects. 

How do you tailor your 
products to this market?

We’ve been involved in projects 
with customers from industry, local 

pharmacies, and law enforcement. Many do 
not have chromatography expertise within 
their organization. So we aim to make our 
systems user-friendly – as close to “plug and 
play” as we can. We are also ready and willing 
to provide technical support and advice – 
particularly at a preparative scale, where our 
scientists often help set up the application 
and make sure all is running smoothly. 

What sets KNAUER’s solutions apart?
Crucially, we offer the ability to go up to 
a continuous production level using SMB 
technology. Systems are modular, so a semi-
preparative scouting system can be upgraded 
to a preparative scale relatively easily. 

What is the worst thing about working 
with cannabis?
The bad jokes! People assume that we 
are getting high in the lab or ask if they 
can have a sample. On the other hand, 
saying you work with cannabis is a real 
conversation starter at a dinner party....

What keeps you going when faced 
with a mountain of red tape or another 
bad pot pun?
Cannabis is a fascinating area because 
attitudes have shifted so dramatically in 
the last decade. I think it’s great that we’re 
opening up and moving away from fear, and 
towards respect and a better understanding 
of the plant. It’s a new frontier, and that’s why 

I do analytical science – to discover more 
about the world and to help keep 
it safe. I believe analytical science is 

a tool for humanity to achieve 
continuous improvement.

Reference

1. K Monks, “Regulation Rigmarole”, 

The Cannabis Scientist (2019). 

Available at:  

https://bit.ly/2Ta3Zf0.

Step Up For 
Cannabis Processing
From jelly babies to aromatic 
flowers – cannabis products can 
be a complex material to work 
with, in more ways than one. Kate 
Monks, Head of Applications & 
Academy and Quality at KNAUER, 
explains how the company 
jumped regulatory hurdles to 
develop a suite of systems that 
allow analysis and easy scale-up 
of cannabis purification.

www.knauer.net



The concept of “plants as medicines” is often 
met with skepticism in modern medicine, 
despite many popular pharmaceuticals 
originating in plants. There is no better 
example than the opium poppy, Papaver 
somniferum, which has spawned multiple 
pharmaceuticals for sedation and pain 
management. Few in the medical 
community would question the efficacy of 
these particular plant-derived drugs, but 
the sentiment shifts dramatically when the 
conversation moves to Cannabis sativa. 

Although cannabis has been used to 
treat various ailments for centuries (1, 2), 
research into the potential medical benefits 
of cannabis has been severely impeded by 
political and social influences (3, 4). Thus, 
even as we transition into a new age of 
legalization, physicians have few evidence-
based guidelines for the prescription of 
cannabis. Some of the major barriers to 
physicians accepting medical cannabis as 
a true therapy include: 

• The lack of large, multicenter 
clinical trials involving cannabis.

• The lack of consistency in the 
types of cannabis and the mode of 
delivery used in existing trials.

• The wide variety of potentially 
biologically active compounds 
found in cannabis products, which 
may confound the interpretation of 
clinical data.

The latter two limitations severely 
hinder the progress that can be made 
towards the first, leaving us with small 
clinical studies that cannot be usefully 
combined in meta-analyses because of 
inconsistencies in the product and mode 
of delivery. Though a few cannabinoid 
products have made it to clinical 
acceptance (for example, Epidiolex (5)), 
progress has been extremely slow. So 
where do we go from there?

I believe that real-world data could 
play a critical part in filling in some of 
the knowledge gaps.

The standard drug discovery program 
is based on a linear path from target 
identification and validation through to 
developing and testing new synthetic 
molecules in animal models, followed 
by stringent Phase I, II, and III trials (6). 
After these drugs have been approved 
by health authorities and launched, the 
outcomes of these drugs in the “real-
world” environment is examined in 

post-marketing observational studies. It 
is in the analysis of these datasets that 
researchers can truly understand how 
very large and diverse patient populations 
respond to treatment. Medical cannabis 
researchers find themselves in a rare 
situation: large amounts of real-world 
evidence are being generated while drug 
discovery programs are starting to take 
shape. By harnessing this real-world 
evidence, we can overcome some of 
the challenges outlined above and 
gain valuable information on risks 
and benefits to guide the design of 
subsequent clinical trials.

The Canadian healthcare system collects 
and stores vast quantities of data, which 
is made available to researchers (in an 
anonymized form) – once ethics and 
regulatory/privacy approval have been 
granted. Records are collected for the 
majority of Canadians and often include 
all interactions between the patient and the 
healthcare system, including physician 
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Flipping 
the Script
Real-world evidence could 
help fill in the blanks on 
medical cannabis

By Jason Dyck, Professor in the 
Department of Pediatrics and Canada 
Research Chair in Molecular Medicine  
at the University of Alberta, 
Edmonton, Alberta, Canada 
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and hospital visits, lab data, medications 
prescribed, and mortality data, to name 
just a few. Linking these healthcare 
datasets to the patients authorized for 
medical cannabis use in Canada, we 
have already been able to characterize 
this population (7, 8). Our goal now is to 
gather long-term follow-up on medical 
cannabis users to provide safety and 
efficacy data at the population level.

In my view, the use of observational 
data from medical records is a powerful 
tool that can provide critical information 
to medical cannabis researchers. Having 
real-world evidence prior to the approval 
of medical cannabis products by health 
authorities places Canada at the forefront 
of medical cannabis research and gives us 
the opportunity to become world leaders 
in the area. As such, it is incumbent upon 
Canadian researchers to capitalize on this 

opportunity to help determine the safety 
and benefits of medical cannabis.
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Why did you join SaveTheTerps.org?
As a consultant, I help companies in 
the cannabis industry establish efficient 
processes and manufacture high-quality 
products by applying concepts such as 
good manufacturing practice (GMP). If 
the cannabis industry wants to achieve 
consistent quality in cannabis products, 
similar to food or other commodities, it 
must define each product’s critical quality 
attributes (CQAs) – the physical, chemical, 
biological, or microbiological properties that 
must be within appropriate limits to achieve 
the desired product quality.

SaveTheTerps.org aims to identify 
cultivar-specific CQAs for cannabis flower 
(cannabinoid and terpene potency, moisture, 
visual appearance, and so on) and produce a 
quality score that objectively evaluates how 
well a given product conforms to the CQAs 
assigned to its cultivar.

What is the aim of the ongoing study 
the organization is funding?
To set acceptable limits for each attribute, 
we need to establish standard parameters. 
Inspired by a recent United States 
Pharmacopeia review of cannabis quality 
attributes and how to measure them 
(1), SaveTheTerps.org launched a study 
in partnership with a number of trusted 
testing labs. We procured samples of 
cannabis flower from dispensaries across 
the USA and had them tested for a variety 
of properties proposed by the USP review. 

We still have a few data sets to gather, 
but one result jumped out at us right away – 

over two-thirds of the samples we tested 
were below the minimum recommended 
water activity level. In other words, they 
were too dry.

Why is water activity important?
Put simply, water activity is a measure of 
the available (unbound) water present in a 
substance, measured as a proportion from 
0–1 (by contrast, moisture content is the 
total percentage of water, regardless of 
whether it is bound or free). Water activity 
is particularly interesting because it is both 
a quality and a safety attribute.

The upper limit for water activity is well-
established within the food manufacturing 
industry as 0.65. Values above this level mean 
there is enough water available to allow 
microorganisms, such as Aspergillus spp. to 
thrive, so manufacturers have significant 
and legitimate safety concerns about not 
drying cannabis sufficiently well. But often 
those valid concerns drive manufacturers to 
overdry the flower to such an extent that 
terpene retention is compromised.

Why should we be concerned about 
terpene retention?
Terpenes are abundant in cannabis plants 
and there is significant variation in terpene 
profiles across different cultivars. This 
genetic and chemotypic variation is a key 
differentiator between cannabis cultivars –  
it gives each cultivar the characteristic smell 
and taste that recreational consumers 
enjoy, but also has the potential to 
affect the product’s psychoactive and 
medicinal properties. Quantifying 
terpenes and other chemical 
components in a product relative to 
one another is critical for anyone who 
wants to authenticate their cultivar. 

Unlike cannabinoids, terpenes 
are water-soluble and are easily 
lost through evaporation – 
effectively, water loss equals 
terpene loss. Research from 
SaveTheTerps.org has shown 
that, when water activity is at 

the right level, a monolayer of water 
forms over the trichomes, preserving 

the terpenes within, but if the water 
activity falls below 0.55, this barrier breaks 
down and terpene evaporation speeds up. 
To prevent loss of terpenes and ensure the 
desired effect for the end user, the relative 
humidity of the flower and its immediate 
environment (i.e., the packaging component 
system) should be tightly controlled. Saving 
the terps means preserving the flavors and 
the medicine. 

How much attention is paid to water 
activity and terpene retention?
Not enough! Most stability studies done 
to date have focused on THC or CBD as 
individual active ingredients, so terpene 
retention is not a fully resolved variable. 

ASTM has published standards stating 
that the water activity of dried flower 
should be between 0.55 and 0.65, and 
consequently it should be kept at a humidity 
of 55–65 percent. But only a few states 
recognize water activity testing – and it is 
usually optional, so it’s not surprising that 
our study showed that most cannabis being 
sold in dispensaries is too dry.

With SaveTheTerps.org, we want to get 
the word out that water activity and terpene 
retention are CQAs of cannabis flower, and 
that regulators, growers, and consumers 
should consider terpene retention when 
preparing, storing, and buying cannabis.

We can see the importance of water 
activity in preserving product quality 
by looking at another niche smokable: 
cigars. Cigar smokers are typically 

connoisseurs (humidors are 
commonp lace ! )  and so 
manufacturers carefully control 
humidity and temperature 
throughout the supply chain to 
provide the quality demanded 
by these discerning consumers. 
Surely cannabis smokers – 
especially those who use the 
drug for specific medical needs 

– deserve similar consideration?

High and (Too) Dry
Research from nonprofit industry 
organization SaveTheTerps.org 
suggests that the majority of 
cannabis flower sold in the 
USA is too dry. We caught up 
with cannabis quality expert 
and SaveTheTerps.org member 
Andrew Samann to find out more.
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How can producers prevent over-drying?
When we saw the results of the water 
activity testing, we asked ourselves the 
same question – and followed it up with 
root cause analysis. We discovered a 
number of places where over-drying can 
occur throughout the supply chain, from 
distribution to processing and packaging. 
For example, the initial curing processes are 
inherently variable; many growers hang a 
whole plant and allow it to dry until a branch 
snaps easily (not exactly a quantitative 
measure!). Another cultivator may cut the 
buds, machine-trim them, and place them 
on trays, where buds at the center of the 
tray may dry more slowly than those at 
the edges. Later, those buds may be bulk-
packaged and sent to another facility – a few 
hours in an overheated truck and even more 

terpenes are lost. Growers and distributors 
need to think about every step in the 
supply chain and consider simple ways to 
prevent moisture loss.

Proper packaging is one way to 
reduce evaporation. Two-way humidity 
technology is already used in many 
different industries – think of the little 
packs you get in various consumer goods 
– and are an easy way to help preserve 
equilibrium if placed in the packaging 
component system at the right time. 

Any other interesting results from the 
study you can share?
A concerning (though not unexpected) 
finding is that 10 percent of samples 
appeared to be labeled with the 
wrong cultivar name – the parameters 

for cannabinoids and terpenes were far 
outside the average range for the labeled 
cultivar. And that’s something we will be 
exploring further. 

I think the most impactful aspect of the 
study is the certainty it gives; it’s great to 
back up our assumptions with data. We 
can already say with confidence that most 
cannabis is too dry, and that we can do 
better. Ultimately, SaveTheTerps.org will 
be sharing a lot of good information with 
cultivators and others on how to control 
quality across the entire supply chain. 
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About 
Andrew
Andrew Samann is 
the founder, principal 
consultant, and CEO of cannabis 
consultancy Orion GMP Solutions. 
After serving in the United States 
Marine Corps, his first contact with 
the cannabis industry came in 2006 as 
a medical cannabis patient. He went 
on to get a degree in biochemistry and 
started “moonlighting” in the cannabis 
industry while working as a lab scientist 
in the pharmaceutical sector. In 2015, 
he made the switch to become a 
full-time consultant to the cannabis 
industry. “It was a big leap to go from 
a stable job as a QC chemist to being 
an entrepreneur in the cannabis space, 
running my own business!” he says. 
Five years on, Andrew has helped 
over 100 companies apply quality by 
design principles to develop good 
manufacturing practice (GMP) facilities 
and quality management systems.

Figure 1. Dried cannabis flower samples from California had significantly higher mean water activity 
(aW) than those from Colorado.

Figure 2. Dried cannabis flower samples from California had significantly higher mean terpene 
concentration (mg/g) than those from Colorado.
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he cannabis and cannabinoid market is diversifying. Why 
smoke a joint when you can nibble on cannabis-infused 

artisan truffles, discreetly vape vanilla-flavored THC e-liquids, 
or sip on CBD beer? But when product innovation outpaces 
regulation, quality and safety can suffer. 

As cannabis products and quality standards evolve, analytical 
labs are tasked with testing an increasing number of attributes 
– from tracking the stability of novel water-based formulations 

to assessing the risk from heavy metals in packaging.
What challenges do novel products pose for testing labs? 

And how will cannabis analysis adapt and grow in response 
to the demands of an increasingly sophisticated market? 
Swetha Kaul (California Cannabis Industry Association), 
Jeff Raber (The Werc Shop),  Julie Kowalski (JA Kowalski 
Science Support), and David Dawson (CW Analytical) share 
their vision for cannabis analysis 2.0.
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How has the cannabis testing field 
changed in recent years?

Swetha Kaul: The most obvious change here in California is, of 
course, the introduction of state regulations covering various 
safety and quality parameters. In the early days of regulation, 
there was much debate over what instrumentation and what 
approach you should use for certain analyses, but those 
questions are slowly being answered. Outside of regulatory 
testing there is still a vast uncharted territory to cover, however!
Julie Kowalski: In recent years, it has been great to see standards 
organizations like AOAC International starting to engage with 
cannabis testing in earnest. I think consensus methods are 
desperately needed and will benefit the whole market so I was 
delighted to see AOAC launch an official cannabis analytical 
science program (CASP) last year.

Have you noticed a trend for more diverse 
cannabis products? 

Jeff Raber: Creativity and innovation abound in this industry 
and there has definitely been a trend toward greater product 
diversity, especially in edibles like gummies and chocolates. 
David Dawson: Absolutely. Where once edibles were a choice 
between cookies, brownies, chocolate, and rudimentary 
gummies, we now see powdered drink mixes, infused bake-
at-home brownie kits, smoked meat jerky, marshmallows, and 
many more. One area that seems to have taken off in the last 
year is cannabis-infused beverages. 
Swetha: With the EVALI outbreak last year and subsequent 
drop in sales of vape products, consumers are turning 
increasingly to edibles and beverages. Unfortunately for testing 
labs, these are some of the most complex products to analyze, 
with a high number of matrices! We now see very similar 
methods across labs for flower, concentrates, and tinctures 
but we’re still a long way from interlaboratory consistency for 
edibles and beverages. 
Julie: After my first year working for a cannabis lab, I stopped 
being surprised by anything that came through the door! You 
might think you have every product type covered, but then you 
get a cannabis toothpaste submitted for analysis and have to 
go back to the drawing board. I agree with the other panelists 
that beverages are a growth market, with a lot of companies 
touting water-soluble technology, such as “nano CBD.” 

What challenges do these new product 
types pose for cannabis testing labs?
David: As we still have no federal guidelines for testing methods, 
or even consensus in the scientific community, every time a new 

product type comes in for testing we have to start from the 
ground up to a certain degree. 
Jeff: I agree – as product diversity expands, the technical 
challenge grows more complex. A specific challenge with edibles 
is that the sensitive LC-MS instruments used to detect low levels 
of pesticides aren’t suited to “dirty” or complex matrices, so the 
samples can require extensive cleanup. 
Swetha: For beverages, the central problem for manufacturers is 
that consumers prefer water-based beverages, but cannabinoids 
are not water-soluble. There are a number of ways to get around 
that issue by emulsifying or encapsulating the cannabinoids but, 
in formulating a drink, the manufacturer will be thinking about 
the consumer’s enjoyment, not the ease of testing. 
Julie: From a testing perspective, beverages are particularly 
challenging because most standard methods are designed for 
free analytes – not for encapsulated or emulsified products. You 
have to figure out a way to disrupt those particles, and that will 
differ according to the method used. Sometimes your customer 
may not even know exactly how the particles are formed, having 
bought in the technology from a third party. You end up having 
to do some R&D work, which can be fun, but also challenging 
in a fast-paced commercial laboratory.

What has been one of your most 
challenging samples?

Julie: Cannabis shampoo was a memorable one – my heart 
sank when that arrived in the lab. The manufacturer wanted 
a cannabinoid analysis and shampoo is obviously full of 
surfactants, which dissolve in almost any solvent and could 
damage our instrumentation. I had visions of bubbles pouring 
out of the LC column! All went smoothly in the end, but that 
was a stressful day in the lab.
David: Last year, I published data on cannabinoid concentration 
testing in cannabis-infused chocolate products (1), which 
revealed a large degree of nuance. Multiple factors, such as 
amount of chocolate product present, amount of cocoa solids 
present, and several structural features of the cannabinoid 
analytes can affect recovery. As there is essentially no cannabis 
testing research coming out of academia, it will fall to the testing 
labs to work on these issues and push the field of commercial 
cannabis testing towards scientific legitimacy.
Jeff: I actually read David’s paper on measuring cannabinoids in 
chocolates with great interest. Chocolate is an excellent example 
of how edible matrices can create challenges, because the fats 
in the chocolate bind the cannabinoids and give artificially low 
THC values. We’ve seen a similar problem with certain types 
of gummies. In fact, in some cases the gummy matrix holds on 
to the cannabinoids better than the extraction matrix. But I’m 



very glad that I’ve never had to try to analyze shampoo!
Swetha: Another challenge with beverages and edibles is that 
the dosage tends to be a lot lower than flower, concentrates, 
or tinctures. And that doesn’t give much room for dilution to 
overcome matrix effects. If you’re hitting the sensitivity limits 
of your UHPLC-UV method and can’t dilute, you’re faced with 
investing in an expensive mass spectrometer to boost sensitivity 
– and that may not be cost-effective

What is your advice for analytical labs when 
working with a new or unusual product?

Jeff: Each product has its own requirements, but my advice for 
labs is to work as closely with your manufacturer as possible. 
The ideal way to work is what I call “bottom up” testing – when 
we know and verify exactly what went into each manufacturing 
step and how much cannabinoid should be in the end product. 

In reality, we often work from the top down – measuring 
cannabinoid levels from a sample of the final product, with 
limited background information.

With this in mind, my advice to manufacturers would be to 
work under confidentiality agreements if you are concerned 
about trade secrets, but be willing to put some trust in your lab 
– a stronger partnership benefits both parties and will be more 
fruitful in the long term. 

Swetha: I agree that open communication is the best approach. 
If possible, ask the manufacturer to provide a sample of the 
same matrix without the cannabinoid infusion. If you have a 
true blank, it gives you the option to do spiking experiments to 
identify matrix effects.
Julie: Like most analytical chemists, I’m a fan of having a 
formalized process and standard operating procedures, and I 
think it’s important to build in some checks for any new matrix. 
When turnaround time is tight, it’s tempting to skip verification, 
but that’s simply not an option if you want to do quality science 
– even though it can be difficult for clients to understand. 
David: Every time you are faced with a new sample type (even if 
it seems similar to a previous product), you need to ask yourself 
a number of questions. Are you testing it in the most efficient 
way possible? Are you minimizing matrix effects? How can 
you ensure homogeneity when sampling a large number of 
units from a given batch? Is the producer able to reliably make 
this product from batch to batch? With no widely accepted 
standardized methods, a new product might have any number 
of quirks that make it unique from what you’ve tested before.

What tests are labs doing now that they 
weren’t doing five years ago? 
David: Because of the new analyte list and required LODs/
LOQs that came in with regulation, many tests that were 
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sufficient five years ago had to be redeveloped from scratch. 
This relatively recent trend for greater precision carries over to 
much of our daily work; now that the cannabis market has been 
made official, the stakes are higher for all analyses, and we must 
rise to meet the occasion. 
Swetha: For some analyses, regulation has led to more extensive 
testing with more sophisticated instruments. However, there can 
be an unfortunate side effect of regulation – companies only have 
so much money to spend on testing, so optional tests have been 
cut. I’ve seen a drop in terpene testing in California, which is 
a shame because there’s a lot of really good information we can 
get from the terpene profile.
Julie: The core analyses are still pretty much the same, but some 
of the methods are becoming more sophisticated. For example, 
labs might invest in a Q-Trap mass spectrometer for pesticide 
analysis, rather than a triple quad. With experience, people 
have come to understand how tough it is to test pesticides to the 
levels required and are more likely to invest in a certain level of 
instrumentation straight out of the gate, rather than trying to 
make do with something cheaper. 
Jeff: Organism-specific microbiology testing using qPCR is 

another example of evolution in methods. Up until quite recently, 
a lot of people were still using traditional plating and looking 
at broad classes of organisms instead of specific pathogens, so 
that has been a welcome improvement. 

What analyses do you think will become 
more widespread in future?

Swetha: Right now, testing is still very much driven by regulation, 
but I hope with time we will see a shift to using labs not only 
for routine regulatory testing, but to validate manufacturing 
processes. I suspect the future for cannabis producers lies in 
good manufacturing practice (GMP)-based production, which 
requires a lot of in-process testing to validate processes and 
ensure consistency. Cost is always a barrier, but this type of 
analysis could pay for itself by making processes more efficient.
David: I can see shelf-life/stability studies becoming important 
in the next few years. At present, much of the industry is still in 
a quick turnaround mindset but, as the market expands and as 
buyers are presented with more options, cannabis products may 
spend longer on shelves or be held in warehouses. We will need 
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products that are stable at room temperature for months, or even 
years, without potency loss or flavor degradation. 

Looking further ahead, perhaps a decade or more, I can 
envisage bioavailability studies being carried out when 
designing a new product. Both stability and bioavailability 
tests are commonplace in the food and pharmaceutical fields, 
and there’s no reason to think that they won’t be adopted in 
the cannabis industry at some point.
Julie: I think regulatory testing will inevitably expand over time. 
I believe we need more research and testing that is specific to 
smoked products, as the method of consumption is given very 
little consideration at present. We may see smoke studies or 
specific tests to understand what happens to pesticides during 
combustion. 
Jeff: A more unusual type of analysis that might be coming 
down the track is “appellation of origin” testing – to confirm 
that a cannabis product comes from a specific region (just as 
a sparkling wine must come from the Champagne region of 
France to be called Champagne). An appellation scheme being 
introduced in California will allow growers in specific regions to 
market their products as “Humboldt-grown,” for example. In the 
short term, this is likely to rely on track and trace technologies, but 
the addition of chemotypic profiling could add a more definitive 
“fingerprint” to establish veracity.

Does regulation need to evolve? 

Julie: There are still striking inconsistencies in current regulations. 
State governments were handed the task of building a regulatory 
framework from scratch, with no input from federal agencies – a 
daunting task. It’s been a steep learning curve but now we’re a few 
years down the line I hope growers, testing labs, and regulators 
can come together to create a system that works for everyone. 
Swetha: There’s a natural friction between producers and testing 
labs. Too often growers and manufacturers look at testing as 
a hurdle that you have to get through, rather than a means to 
achieve better quality. I’ve seen that attitude change slightly over 
the years, but we need to do more to bring the different parts 
of the industry together.
Jeff: I predict we’ll continue to see a great deal of regulatory 
change over the next 5–10 years. First and foremost, we need 
better enforcement of regulation at the level of individual labs, to 
make sure that they’re accurate and honest. Anecdotally, “gaming 
the system” is still rife. To date, most regulators have lacked the 
resources or appetite to tackle the problem but as more states 
come online, regulators are comparing notes and developing 
longer-term goals.

Currently, we only label for THC and CBD, but there is 
increasing interest in minor cannabinoids. A product that 
contains only CBG and CBN is still a cannabis product, and 
the active ingredients should be labeled. I can see us eventually 
having to identify a much larger number of cannabinoids.
David: I agree with Jeff that there needs to be better enforcement 
of existing law at all levels. In California, testing labs frequently 
act as the enforcers of the law, pointing out inconsistencies with 
batch ID numbers, faulty label claims, and so on; as such, cannabis 
producers can view us as the enemy, and a barrier to them getting 
their products to market. My view is that enforcement should be 
carried out by state agencies, and testing should be a streamlined 
process to determine if the data matches the law.

“ To o  o f t e n ,  g r o w e r s  a n d 
m a n u f a c t u r e r s  l o o k  a t 
t e s t i n g  a s  a  h u r d l e  t h a t 
y o u  h a v e  t o  g e t  t h r o u g h , 
r a t h e r  t h a n  a  m e a n s  t o 
a c h i e v e  b e t t e r  q u a l i t y . ”



What are your hopes and fears for the future 
of the industry?

Swetha: We need to reach a position where we’re focused on the 
quality of the products rather than the speed with which we’re 
getting to market. My ultimate hope is that manufacturers learn to 
look at testing not just as a regulatory requirement but as something 
that can help you produce a better product and be more profitable. 

My fear is that, if we take too long to get there, we might 
lose some good labs along the way. Some smaller labs with 
high scientific standards are struggling to meet pricing and 
turnaround pressures.
David: I hope the industry can continue to lean into the 
scientific method and collaboration on issues facing us all. 
For the most precise, accurate, and robust testing methods to 
emerge, we must work together to figure out these unknowns. 
I fear that, without proper oversight from governing bodies, 
cannabis analytical labs may continue to operate as data farms, 
giving clients the numbers they want. 
Julie: I’d like to see the testing community adopt an attitude of 
openness and transparency on the science we do and the challenges 

we face. We cannot learn from each other if we don’t tell each other 
what we’re doing. And we can’t work together to find solutions if 
we will not admit the problems we’re having. On the whole, 
the reputation of cannabis testing could be much improved, 
and we can only accomplish that by working together. 

My fear is a serious safety incident like EVALI coming out 
of the industry, which would be tragic for everyone concerned 
and could set the industry back years. 
Jeff: I’m excited about continued innovation, new products, 
and better formulations for cannabis to improve health. I just 
hope the regulators can keep up. Like Julie, my fear is that 
laws and regulations will fall behind product innovation to the 
point that consumers are harmed by unregulated additives or 
something unforeseen and much worse...

Want to hear more from our experts? Read a longer version of this 
article online at tcs.txp.to/WNFCA
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With the mounting interest in hemp and cannabis products 
for medicinal and recreational use around the world, suitable 
analytical methods to identify and determine the concentration 
of cannabinoids are essential for ensuring consumer safety. 
Traditional analyses for measuring the potency of cannabinoids 
in cannabis and hemp samples have focused mainly on five  
primary analytes: THC, THC-A, CBD, CBD-A, and 
CBN. As the industry continues to expand and evolve, more 
attention is being directed toward additional, although less 
prevalent, cannabinoids that have been shown to exhibit 
physiological effects. This application note outlines a simple 
and robust method for the detection and quantitation of 
16 cannabinoids in hemp and cannabis samples using an 
isocratic HPLC method coupled with UV detection. Baseline 

separation of all 16 cannabinoids, including the critical 
pair Δ9-THC and Δ8-THC, was successfully achieved 
using a Selectra® C18 column.  Examples of hemp flower 
and oil samples analyzed using the analytical method are 
also presented.

View the full application note here: https://bit.ly/2trFS2w

Rugged Isocratic LC-UV 
Method for the Analysis of 
16 Cannabinoids in Hemp 
and Cannabis Samples

Figure 1. Chromatogram of the highest calibration standard (62.5 µg/mL).
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With the recent surge in legalization of Cannabis sativa for 
recreational use, there is a need for reliable analytical tools 
to meet the regulatory requirements for pesticide testing.  
Action limits for each pesticide vary between jurisdictions, 
but can be as low as 10 ppb.  The JEOL JMS-TQ4000GC 
triple-quadrupole GC-MS/MS system offers high speed 
and high sensitivity for quantitation of trace pesticides.  The 
TQ4000 combines a unique short collision cell with JEOL’s 
patented ion accumulation and timed detection technology to 
provide high sensitivity and selectivity, as well as the fastest 
selected reaction monitoring (SRM) switching speed available 
(up to 1000 SRMs/s).  In this application note, we describe 
a sensitive method for analyzing pesticides in extracted 
Cannabis sativa matrix by using the SRM capabilities of our 
triple quadrupole system. 

Cannabis sativa flower buds were extracted by sonication, diluted 
10X, and cleaned up by dispersive solid-phase extraction (dSPE).  
The extracted matrix was spiked with pesticide standards and 
measured on the JMS-TQ4000GC using SRM measurement in 
the high-sensitivity mode.  The SRM database was created using 
JEOL’s built-in SRM tools to choose optimal SRM transitions for 
each pesticide.  Of the 46 pesticides measured, 41 pesticides were 
detected at 1 ppb or less, which translates to 10 ppb on the plant.  
Excellent linearity was calculated for all detected compounds.  
Chlorinated pesticides that are typically difficult for LC-MS, 
such as cypermethrin, cyfluthrin, and chlordane, were detected at 
1 ppb without issue. Although some matrix effects were observed 
for some pesticides, system performance was generally good with 
very few pesticides affected by matrix interference. 

Analysis of 
Pesticides  
in Cannabis  
Sativa Matrix 
Pesticides in Cannabis sativa matrix were 
analyzed using the SRM capabilities of the 
JEOL JMS-TQ4000GC gas chromatograph 
triple-quadrupole mass spectrometer.  At 
concentrations of 1 ppb or less, 41 pesticides 
were detected with good linearity and very 
little matrix interference.

Short collision cell of JEOL triple-quad GC-MS/MS.

Select SRM chromatograms for pesticides at 1 ppb in Cannabis sativa matrix.

www.jeol.com
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Humans have been consuming cannabis for 
centuries. It has historically been smoked 
through pipes, hookahs, or a chillum for 
both medicinal and ceremonial purposes. 
While tobacco cigarettes have been around 
since the 9th century, it wasn’t until the 
mid-1850s that cannabis joints were first 
documented as being used recreationally 
by Mexican laborers, though it probably 
began earlier than this. Marihuana 
joints have long been a convenient 
means of administering the psychoactive 
components of hemp and cannabis.

In today’s modern culture, cannabis is 
more prevalent and widely accepted than 
ever before. Sharing a joint with friends still 
has ceremonial-like attributes that are loved 
by both seasoned smokers and newcomers. 
Dispensaries will often include joints as 
gifts or promotional incentives to medical 
and recreational consumers. Despite its 
history and widespread use, commercial 
pre-rolled cannabis joints often fall short of 
delivering an enjoyable smoking experience. 
It is not uncommon to hear about customers 
who had a bad experience from pre-rolled 
medical cannabis joints. Harshness, un-
even burning, or finding a joint impossible 
to ignite are all too common. Sometimes, 
having the best ingredients isn't all that 
it takes to construct a desirable product. 
What can manufacturers do to deliver more 
consistency in pre-rolled joints?

There are variables that are often 
overlooked in pre-roll manufacturing that 
can make it difficult to deliver a consistent, 
optimized end product. It’s not only the 

ingredients, from flower to paper, that make 
a cannabis joint work – the construction of 
the joint is just as important.

The cannabis flower needs to be broken 
into the right size pieces and packed 
to the correct density for an even and 
efficient draw. This article will detail our 
investigations into engineering the best 
pre-roll. We focus on cannabis milling, 
particle size and packing density for the 
perfect pre-roll. And we give some tips 
and tricks of how to scale the pre-roll 
production efficiently.

A scientific primer about cannabis joints
A cannabis joint is made up of three 
main parts.

1. Wrapping paper
2. Mouthpiece
3. Cannabis flower filling

The wrapping paper contains the
cannabis and gives the joint its shape. It also 
acts as a funnel to direct the air and smoke 
from the burn tip to the mouth of the user.

The mouthpiece, either a filter or a simple 
crutch, gives the user’s lips something to 
grasp and offers structural rigidity to keep 
the airways open at the end of the joint. 
Its diameter can be adjusted to further 
modulate airflow characteristics. Finally, 
it acts as a gate to prevent cannabis from 
falling out.

The cannabis flower has to do many jobs 
at one time. It is the source of the active 
ingredients for the smoking vapor. The 
interlocking cannabis flower pieces are the 
structural support to keep the joint erect, 
but also the spaces in between these pieces 

are the airways through which the smoke 
flows to the consumer. And finally, the 
cannabis flower is the fuel for the ember at 
the tip of the joint.

Contrary to common beliefs, the vapor 
is not created at the burn site of the joint. 
The burn site is merely the heat source to 
generate hot air that passes through the 
joint to pick up THC and terpenes on the 
way. An industry expert described a joint 
as just a vaporizer with a dirty heat source. 

From this description of the 
architecture of a joint and its principal 
function, it becomes apparent that 
the particle size and packing density 
of cannabis flower must have a great 
influence on the joint performance.

Researching the perfect cannabis joint
We set out to study the effect of particle size 
and packing density on joint performance. A 
secondary motivation for these experiments 
was to upgrade the inefficient manual 
production process employed currently. 

Our benchmark for the study was a joint 
produced by the current manual process 
with a hand grinder. To produce ground 
cannabis of various sizes, we utilized a 
Fritsch P19. We milled batches of flower 
to various sizes with the respective milling 
sieves of 0.5, 1, 2, 4, 6, and 10 mm. These 
seven different batches of flower particle 
sizes, including the hand-ground, were 
filled into 98 special pre-roll papers from 
RAW. To investigate the effect of packing 
density, for each individual particle size, 
we produced multiple joints with different 
filling methods. The paper cone of the pre-
roll was either filled just by gravity, or we 
would tamp down the flower to add density 
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to the joint. Here we employed a variety 
of tamping routines, ¼ / ½ / full tamping, 
tamping every 1/8th.

Eight volunteers for this study were 
given a survey to answer specific questions 
about pre-roll performance. Each tester was 
given various joints with different packing 
densities and grind size. Questions were 
as follows: 

1. Was the joint easy to light? (Yes/No)
2. How did each joint burn?

(Three answer options: yes, uneven,
burned poorly)

3. Did you have to relight the joint?
(Yes/No)

4. How did each joint smoke? Were
there any draw/air flow issues? Did
they progressively worsen or
get better with use? Which sample
performed well? (short text answer)

5. Was the joint rigid or floppy near the
filter/crutch? (Yes/No)

6. How was the smoothness of the
smoke for each joint? (Scale 1-5 /
Harsh-Smooth)

7. Any other problems or positive
experiences with this pre-roll? (short
text answer)

The testing protocol focused on two 
aspects of the joint quality. Firstly, the 
testers evaluated the rigidity of the joint. One 
aspect of joint composition that needs special 
attention is the dreaded “floppy joint.” This is 
when the packing density of cannabis near 
the narrow end of the crutch or filter is not 
optimal, creating structural flaccidness and 

unpolished aesthetics. Secondly, the draw 
behavior of the joint was tested to ensure a 
pleasurable smoking experience.

Experimental
A total of 29 different joint types were 
produced, each with a different  combination 
of particle size and packing density. The 
particle size was produced through the use 
of different mill sieves or by hand grinding. 
The packing density was set by different 
packing patterns. A cannabis joint was 
defined by a code made up of particle size 
(millimeter size or HG for hand-ground) 
and the packing method, i.e., 4D (4 mm 
particle size and tampered every ½ filling).

This gave following sample options: .5A, 
.5B, .5C, 1A, 1B, 1D, 1E, 2C, 2D, 3E, 
4A, 4B, 4C, 4D, 4E, 5A, 5E, 6A, 6C, 6E, 
10A, 10B, 10C, 10D, 10E, HGA, HGB, 
HGC, and HGD. 

A few joints were test-smoked by 
the study designer to ensure usability. 
After confirming the applicability to the 
test, eight testers were given a random 
assortment of joints varying in particle 
size and packing density. The 4 mm particle 
size pre-rolls were the middle test group; as 
such, duplicates were distributed to ensure 
consistency in our test group data.

Additionally, the use of mixed grind 
size joints was investigated. For those, 
four particle size combinations were 
tested against a 10 mm and a hand-
ground joint option. The sample options 
were: .5/4C, 10/4C, 2/6C, and 5/4C vs. 
10B and HGD. For this test run, five testers 
sampled 25 joints.

Evaluation
In the first blind survey, the joints were 
scored for the smoking qualities deemed 
most important (smoothness of smoke, 
even burning, draw/airflow, rigidity, 
and not having to relight). While most 
of the joints in the test were smokable, 
it was apparent that the most important 
metrics were affected by particle size. Test 
joints in the 0.5-1mm range had reduced 
airflow due to constraints by the smaller 
particles. Less airflow resulted in warmer 
vapor temperature, causing testers to note 
harsher smoke. Conversely, loose packing 
densities coupled with larger particles 
made the joints burn poorly and exhibit 
similar harsh smoking qualities. Figure 
1 shows the compounded and weighted 
test scores for all joint samples. The hand 
ground ½ packed joint (HG-D) was 
preferred as the overall winner for its all-
around performance. This does not come 
as a surprise when hand grinders have long 
been a staple in the smoking community.

The results from the single particle 
size experiments showed that hand-
ground joints offered some of the 
best smoke experiences. This led us to 
wonder if the varied particle size from 
the hand-grinding offers additional 
benef its. With a varying particle 
distribution, the user gets rigidity 
throughout the joint from the mixed 
particles forming a better interlocking 
structure, acting as structural support. 
The larger pieces of cannabis help to 
create better air pathway for the smoke 
to travel through. 

Figure 1. Test scores for single particle-size joints.
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To answer this, a second test group 
utilized the highest scoring joints from the 
first survey (HG-D, 10 mm-B) along with 
a new batch of test joints that contained 
two precision-milled particle sizes mixed 
together from the Fritsch milling system. 
We hoped to mimic the hand-ground 
smoking qualities by finding two particle 
sizes that mixed well in a 50/50 ratio. The 
mixed particle joints were packed every ¼ 
as this density offers the most consistency 
and is a common packing density employed 
on many semi and fully automated joint 
fillers. By exploring combinations of the full 
range of particle sizes at our disposal, the 
middle test group of 2 mm/6 mm received 
the highest praise in the test (Figure 2). 
The displacement of this particle range 
closely resembled the hand-ground joints 
in smoking characteristics, including 
smoothness, draw, and an even burn that 
did not require relighting. Producers can 
fine tune the ratio of particle sizes to cater 
to the flower they are processing, and to 
address things like airflow and rigidity. 

Some additional observations

• Smaller particle size will allow for
more fill volume.

• Most stems were removed prior to
filling. We used popcorn buds, so
stems were minimal. We did not
exhibit any stem issues throughout
our testing.

• To combat the stem problem at scale,

classifier screens separate stems by 
hand before milling or use wire 
screens to clean the milled flower.

• Care needs to be taken during the
first fill, where cannabis comes
into contact with the paper filter.
Ensure proper packing here to
avoid floppy joints.

Discussion
It was demonstrated that hand-ground 
cannabis flower is one of the best material 
sources for cannabis joints. While hand 
grinders are tried and true, they are not 
scalable, labor-intensive, and only allow 
for a few grams to be ground at a time. 
One could argue that a whip-style mill, 
food processor, or a kitchen blender 
would yield similar milling qualities to 
hand grinders, but this is not the case. 
The surface area of these machines’ 
vessels is small. Therefore, cannabis 
is exposed to the blades in a stagnant 
“closed batch” state, which results in 
over-milling of the material to break 
down all the cannabis so that it can be 
used for joints. If you’ve tried this, you 
know that blending larger volumes of 
cannabis results in a powder, too fine for 
joints, coupled with larger pieces floating 
on the surface that never encountered the 
blades. This is where “continuous flow” 
milling systems like the Fritsch P-19 are 
paramount for joint manufacturing. The 
design of the P-19 allows cannabis to enter 
the milling chamber, where it quickly gets 

pulverized into the desired particle size 
(dictated by the sieve) before being drawn 
out of the chamber and into its collection 
vessel. This offers several benefits when 
compared to closed-batch setups. Most 
importantly, the cannabis is not exposed 
to any prolonged heat or cutting forces, 
which helps maintain the molecular profile 
of your cannabis feed stock. Operators can 
also process large volumes of cannabis at a 
time without stopping the machine. 

Conclusion
We see value in both old-school methods 
and a more scientific approach. The mixed 
particles offered by hand grinders can be 
replicated more consistently and efficiently 
using the P-19. Additionally, the wide array 
of sieve cassettes and range of parameter 
settings offered by the machine allows 
operators to fine tune particle sizes for 
different cultivars, joint paper types, 
and draw behavior. With the Fritsch 
Pulversette P-19, joint manufacturers 
can quickly and efficiently scale up 
their operation while offering consistent 
products to consumers. The entire system 
can be quickly disassembled and sterilized 
between batches, further adding to overall 
productivity while reducing employee and 
equipment downtime. 

Blake Grauerholz is the director of 
extraction at OutCo in San Diego, 
USA. OutCo was the first licensed and 
fully vertical cannabis manufacturing 
facility in the county. He oversees an array 
of instrumentation for the large scale 
production needs of the company and is 
also deeply involved with research into 
extraction protocol optimization.

Markus Roggen is Founder and CEO 
of Complex Biotech Discovery Ventures 
(Vancouver, Canada), an independent 
research laboratory dedicated to optimizing 
cannabis analysis and processing through 
scientific experience, consulting, and 
thought leadership.

Figure 2. Test scores for mixed particle size joints.
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UCT’s ChloroFiltr®: for 
the Targeted Removal of 
Pigmentation from Cannabis  

Chlorophyl l is one of the most 
challenging matrix co-extractives due 
to its non-volatile characteristics. UCT’s 
novel sorbent, ChloroFiltr®, effectively 
removes chlorophyll in addition to 
other commonly encountered hues from 
cannabis extracts without compromising 
the recovery of planar pesticides.
Learn more at https://www.unitedchem.
com/product/chlorofiltr-2/

Pulverisette 11 Industrial-
Grade Knife Mill

Fast preparation and size reduction of 
moist, oily, fatty, tacky materials or dry, soft, 
medium-hard and fibrous samples. Cryogenic 
grinding of difficult sample with LN2/dry ice 
creates homogenous, representative powder 
in minutes. Samples up to 300+grams of 
flower, leaf, edibles, isolates. Single-use and 
reusable grinding vessels process <40 ml – 
1400 ml.  SOP programmable.
For more information visit: 
www.fritsch-us.com 

Spotlight on... 
Technology
Better efficiency, 
better yield 

KannaMill processing equipment 
is designed to pulverize without 
defibrating. These mills can handle 
continuous processing of anything 
from delicate flower to fibrous biomass. 
Our heavy-duty, precision designs meet 
the demand for low maintenance and 
tight particle size distributions of the 
finished product, ideal for pre-rolls 
and extraction. 
Learn more at 
www.https://kannamill.com/

Cannabis Profiler: One 
System for Six Cannabinoids

The AZURA Analytical system by 
KNAUER is dedicated for the analysis of 
six common cannabinoids of high medicinal 
interest. Cannabidiol (CBD), cannabidiolic 
acid (CBDA), cannabinol (CBN), Δ8-
tetrahydrocannabinol (Δ8-THC), Δ9-
tetrahydrocannabinol (Δ9-THC), and Δ9-
tetrahydrocannabinolic acid (Δ9-THCA) 
can easily be quantified according to the 
monography of German Pharmacopeia.
Learn more at www.knauer.net
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What was your route into the 
cannabis industry?
I’ve been in the industry for nine years now. 
I graduated in biomedical engineering in 
2008, soon after the markets had crashed, 
and there were very few science jobs 
near my home in New York. I went out 
to California to visit some high school 
friends who were working in dispensaries. 
I became intrigued by the emerging 
market in cannabis testing and went to 
visit Steep Hill Labs. After striking up 
a conversation with the then-owners, we 
stayed in contact and eventually I joined 
them as the Lab Director. 

I worked in several different testing 
companies before starting my own 
consultancy business with co-founder 
Marco Troiani. At Digamma, we help 
analytical laboratories, manufacturers, 
and formulators around the world 
optimize their method development, 
validation, and SOPs.

What are the greatest challenges 
facing the field?
Regulation is a major issue – US and 
international regulations on cannabis trade 
and research have been the main limiting 
factor for the industry. 

Right now, there is a steep learning curve 
happening among cannabis companies. 
They need to reach a point where everything 
they do is legally defensible – every 
certificate of analysis and every product – 
and that is proving to be a challenge. 

Unlike food or environmental testing, 
there are no standard, validated methods 
for cannabis laboratories to follow. Federal 
regulations prohibit instrument companies 
from working with cannabis, so when they 
develop methods for their instrumentation, 
they have to use a substitute. 

The cannabis matrix is much more 
complicated than many matrices studied 
in other industries and there are many 
interferences that have similar molecular 
weights to the compounds of interest 
(for example, pesticides). Because there 

is currently no “out of the box” method 
to help scientists get around those 
interferences, method development has to 
be creative – and that makes it difficult to 
compare results between labs. And some 
labs are not testing at the level of accuracy 
required by law...

How much that affects consumer 
health and safety is questionable because 
the limits set by regulators are somewhat 
arbitrary; however, if you say you’re doing 
something, you must follow through. 

What changes would you like to see?
There definitely needs to be a change of 
legislation on the federal level to deschedule 
cannabis, give companies access to banking, 
and remove unnecessary tax codes. 
Cannabis companies should be allowed to 
operate like any other business. 

Next, we need to introduce more scientific 
integrity into processing and testing; I think 
that has started to happen in states such 
California, where they have a huge market 
and regulations are tightening up. It’s not 
perfect – some of the testing limits are very 
strict and the system can be bureaucratic – 
but it does seem to be working to improve 
testing standards. 

In the longer term, we need standard 
methods. It is slow progress, but I think we 
are getting closer. The number of scientists 
who are participating in the industry has 
grown exponentially in the last 10 years, 
and several organizations and accrediting 
bodies are working with laboratories to 
validate their methods. 

What are the most common 
testing errors?
Growers will tend to shop around and 
choose labs that provide the “best” results 
(low failure rate for contaminants and 
high THC level); as a result, “dry labbing” 
has been a major problem in the industry. 
Thankfully, regulators are clamping down 
on these practices, so it’s now much less 
common – although there will always be 
people trying to game the system.

For legitimate testing labs, some of the 
most common mistakes involve confusing 
plant components with pesticides. Some 
pesticides, like pyrethrin, are very 
similar in size and shape and chemical 
characteristics to cannabinoids, which 
leads to a lot of false positives. On the 
other hand, if you overcorrect, you can 
introduce false negatives.

What’s next for cannabis analysis?
Over the next three years, I think we’re 
going to see a lot more standardization as 
many labs realize how far they are from 
compliance. Methods that were previously 
considered proprietary information will 
become public knowledge and we will 
see convergence. Once we can compare 
datasets from different laboratories, 
different regions, and different products, 
things will get really exciting!

The cannabis industry is an early adopter 
of new technologies and new practices. 
Already, pioneers in this space are delving 
deep into the biology and chemistry of 
cannabis. In some respects, we know more 
about cannabis than any other consumer 
product (we don’t routinely test every wine 
for its flavor profile chemicals). Testing labs 
are already generating a huge amount of 
data and, if we can start to aggregate it, 
we will have a powerful tool to learn more 
about this amazing plant. 

Will attitudes to cannabis change too?
I’ve seen perceptions change rapidly in the 
years that I have been a part of the cannabis 
industry. When I first joined the industry, 
few scientists wanted to get involved at 
all; they saw it as a career killer. As the 
opportunities have grown, that taboo 
has lifted. Now, people are curious. I get 
phone calls all the time from friends and 
family back home asking if they should 
try cannabis products for various ailments. 
I hope that level of interest will lead to a 
demand for more clinical trials – if there 
is enough public support, I believe the law 
will eventually follow. 



The Newest Partnership 
in the Hemp Testing Industry

METTLER TOLEDO is excited and proud to announce our partnership with 
Emerald Scientific, bringing you our full line of best-in-class balances 
and analytical instruments.

METTLER TOLEDO's quality balances and analytical instruments are now 
offered through Emerald Scientific. Be on the lookout for exciting 
opportunities to serve your hemp testing needs. We look forward to 
working with you!

XSR Precision, D4 Density Meter, XPR Analytical Balance, C20S Coulometric Titrator, HX204 Moisture Analyzer

A gift for you! Purchase a qualifying XSR or MS 
analytical or precision balance and unwrap a 
free P-52RUE printer – a $1,070 Value!

For more details on how to receive your free gift, 
contact your Emerald Scientific representative!

tcs.txp.to/0820/MettlerToledo?pdf



