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Questions Linger Around COVID-19’s Origin 

WAS IT NATURAL ZOONOTIC spillover that 
catapulted SARS-CoV-2 from an emerg-
ing virus into a pandemic pathogen or was 
it something much more sinister? Is it at all 
possible that a lab leak in Wuhan, China, was 
the spark that lit the fuse? Debate and dis-
cussion about the origin of the virus that 
causes COVID-19 have been at the forefront 
of the global consciousness since the first 
cases were reported in December 2019.

Early on, whispers of a potentially engi-
neered virus quickly grew to a roar and fue-
led speculation that China was behind the 
pandemic. This narrative was so pervasive 
that, in February 2020, a group of 27 public 
health scientists published a letter in The 
Lancet disputing the lab leak theory and an-
nouncing their support of their counterparts 
in China: the scientists, public health offi-
cials, and medical professionals combating 
the pandemic (1).

“The rapid, open, and transparent shar-
ing of data on this outbreak is now being 
threatened by rumors and misinformation 
around its origins,” wrote the authors, who 
all declared no competing interests in their 
disclosures as recommended by the Inter-
national Committee of Medical Journal Ed-
itors. “We stand together to strongly con-
demn conspiracy theories suggesting that 
COVID-19 does not have a natural origin.”

And although it’s true that analyses of 
the genomic sequence of the virus sub-
sequently pointed to natural origins, the 
questions regarding China’s role per-
sisted, led by pesky discrepancies and  
conflicting reports.

Fast forward to June 2021 and new ev-
idence that has breathed new life into 
those origin questions. In an update to 
the February 2020 letter, The Lancet has 
published an addendum with revised dis-
closure statements from virologist and in-
vestigator Peter Daszak, one of the 27 au-
thors (2). In the revised document, Daszak 
noted that his remuneration is paid sole-
ly in the form of a salary from EcoHealth 
Alliance, a New York-based nonprofit re-
search foundation of which he is presi-
dent. The company has reportedly worked 
directly with Wuhan laboratories and 
funded gain-of-function research at Chi-
na’s Wuhan Institute of Virology.

Consider, too, other odd associations. Re-
cent reports have uncovered financial ties 
between Google and EcoHealth Alliance. This 
comes after accusations that the tech giant 
was censoring lab leak “conspiracy theory” 
stories in its search results. Google’s health 
lead, David Feinberg, has dismissed those 
reports, insisting that the company is sim-
ply taking steps to protect users from unver-
ified information.

Are these coincidences or “where there’s 
smoke, there’s fire” situations? It’s unclear. 
But they add to the bank of troublesome 
questions standing in the way of the truth 
about COVID-19.

The questions extend beyond origin the-
ory, though. With FDA’s green lighting of 
vaccines for adolescents and young adults 
comes hesitation over long-term effects: 
What is the effect on fertility? Do the vac-
cines cause heart inflammation? Robert 

Malone, an mRNA researcher, appeared on 
television recently, expressing strong con-
cern over the risk-benefit analysis of vacci-
nation for young adults (3), and the Centers 
for Disease Control and Prevention’s Advi-
sory Committee on Immunization Practic-
es recently met to discuss instances of my-
ocarditis or pericarditis in people aged 30 
and younger who have received an mRNA 
COVID-19 vaccine.

Of course, the answer to our ultimate 
question is that we may never know. 

We may never know where this virus came 
from. We may never know what triggered 
the global pandemic that has claimed more 
than 3.8 million lives. And we won’t know 
the long-term effects until enough time has 
elapsed. What we do know for certain is that 
the incredible strength and collaboration of 
the scientific community have allowed us to 
regain some semblance of normalcy. The de-
velopment and rollout of multiple effective 
vaccine options have been the medical mira-
cle of our lifetime.

That, right now, will have to be the only 
answer that matters.

Mike Hennessy, Sr
CHAIRMAN AND CEO
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Cannabis is Medicine… 
Formulate it Like Medicine!
By Brian C. Smith

In my definition formulation is the art 
and science of choosing the amounts 
and molecules to comprise a pharma-
ceutical product, such as an ingest-

ed medicine or a topical. We will begin 
with a discussion of how the pharma-
ceutical industry is required to create 
and test their formulations.

The Pharmaceutical 
Industry Formulation 
Paradigm
Let’s imagine we are going to make an 
aspirin tablet (in the following discus-
sion I will focus on medicines contain-
ing small molecules, the formulation 
process for biologics is similar in princi-
ple but can differ in detail). This process 
is illustrated in Figure 1.

The molecule in an aspirin tab-
let that provides pain relief, fights fe-
vers, and so forth is called acetylsalicylic 
acid. This molecule is known as the ac-
tive pharmaceutical ingredient (API), the 
molecule that has the properties we val-
ue. Before any API is sold to the pub-
lic it must be tested for safety and effi-
cacy, which means it can’t harm people 
and must have some pharmacological 
activity that is useful to us. This pro-
cess for acetylsalicylic acid was accom-
plished long ago. Additionally, before 

formulating a batch of aspirin tablets, 
the API material in question needs to 
be tested for identity, purity, and toxins 
such as heavy metals and pesticides.

The aspirin tablets you buy at the 
store contain many things besides ace-
tylsalicylic acid. These other ingredi-
ents are called excipients, the diction-
ary definition of which contains the 
phrase “a pharmacologically inert sub-
stance” (1). Excipients can consist of 
fillers, binders, and processing aids. The 
formulation of medicines, particular-
ly the selection of the excipients to use 
and their amounts, is typically the job 
of pharmacists and pharmacologists. 
Excipients are often chosen from a list 
of materials published by the United 
States Food and Drug Administration 
(FDA) as being “generally recognized 
as safe” (GRAS) for ingestion by hu-
man beings (2). For example, some aspi-
rin tablets contain starch, which is also 
present in our food and hence not con-
sidered hazardous. So, only excipients 
that are GRAS should be used in formu-
lations. The final recipe for an aspirin 
tablet contains a list of each ingredient 
used. This list typically appears on the 
aspirin bottle in descending order of 
how much of each ingredient is present. 
Despite the known safety of excipients, 

the excipient material being used to 
make a given batch of tablets still needs 
to be tested for identity, purity, toxins, 
and so forth. In summary then, all the 
ingredients in an aspirin tablet are test-
ed prior to it being turned into a tablet.

However, this is not enough. Testing 
also needs to be performed after every 
manufacturing step to insure it was per-
formed properly and to maintain prod-
uct quality. For example, the ingredi-
ents in aspirin can be blended using a 
blender like the one seen in Figure 1. The 
blending process is monitored so that a 
uniform blend of the ingredients is ob-
tained. This can be done by infrared (IR) 
spectroscopy (3). After the API and ex-
cipients are blended they are compressed 
into a tablet using a tableting press as 
seen in Figure 1. The potency of tablets 
as they leave the press can be measured 
to insure individual tablets contain the 
correct amount of API. This can also be 
done by IR spectroscopy (4). Lastly, bot-
tles of aspirin are collected before ship-
ment for testing as well to insure the fi-
nal product has the correct formulation 
and has not been adulterated. 

Pharmaceutical formulations undergo 
stability studies in their original pack-
aging. Stability needs to be tested be-
cause not all molecules are stable sitting 

As part of its drug approval process, the US Food and Drug Administration (FDA) requires active pharmaceutical 
ingredients to be safe and effective, and all other ingredients be recognized as safe. The FDA also requires stability studies 
on all formulations in their original packaging. The foundation for all of this is significant amounts of in-house testing.  
How cannabis businesses should implement these ideas is discussed.
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on a shelf for long periods of time, and 
of course we do not want to give pa-
tients incorrect doses of API or poison 
them with unknown breakdown prod-
ucts. Performing the stability study in 
the packaging in which it will be sold is 
important because toxins can leach into 
the product from the packaging, and the 
packaging impacts variables, such as hu-
midity and temperature, which can af-
fect the breakdown rate of medicines (5).

The pharmaceutical industry for-
mulation paradigm then involves tak-
ing safe and effective APIs, formulating 
them with generally recognized as safe 
excipients, and then testing after each 
and every manufacturing step to make 
sure the material in question contains 
the right ingredients in the right con-
centrations and has not been adulter-
ated. Finally, the formulation must be 
stability tested in its original packag-
ing to insure no problems crop up with 
it upon storage.

How Should the Cannabis 
Industry Formulate?
To see how the pharmaceutical industry 
testing paradigm can be adapted to the 
cannabis industry, let’s imagine we are 
going to make a cannabidiol (CBD) in 
medium-chain triglyceride (MCT) oil 
tincture. The manufacturing process for 
this is illustrated in Figure 2.

The first step in this process is 
growing and curing the hemp that 

contains the CBD. The hemp farm-
er needs to test the potency of the 
crop—our raw material—to stay un-
der the 0.3% total tetrahydrocannab-
inol (THC) legal limit, and so experi-
ments can be performed to maximize 
CBD levels and hence profit, and to 
know when to harvest (6,7). Extractors 
need to test biomass as it comes in the 
door to insure they are getting the po-
tency they are paying for (see my pre-
vious column for the story of how one 
extractor saved thousands of dollars 
by testing biomass at the point of pur-
chase [8]). Also, biomass should be 
tested for pesticides, heavy metals, and 
other toxins as experience has shown 
these can concentrate during the man-
ufacturing process. 

Keeping in step with the pharma-
ceutical industry testing paradigm, ex-
tractors need to test after each manu-
facturing step including extraction (9), 
winterization, decarboxylation (10), and 
distillation (11). I know of extractors 
who, by testing throughout the man-
ufacturing process, have increased oil 
yield by upwards of 20%, quickly paying 
for their investment in testing equip-
ment. Lastly, the tincture needs to be 
tested to insure the correct dosage, get 
the label claims right, and not waste 
CBD by putting too much in (12). Be-
fore this tincture is put on the market 
it needs to be tested for stability in its 
original packaging.

How Does the FDA View 
Cannabis Medicines?
The mother lode of information about 
how the FDA views cannabis medicines 
as of October 2020 can be found here 
(13). I strongly recommend all canna-
bis businesses read this document. Its 
contents are so important that I feel the 
need to quote it in part:

“ To date, the FDA has not approved 
a marketing application for can-
nabis for the treatment of any dis-
ease or condition. The agency has, 
however, approved one canna-
bis-derived drug product: Epidiolex 
(cannabidiol), and three synthet-
ic cannabis-related drug prod-
ucts: Marinol (dronabinol), Syn-
dros (dronabinol), and Cesamet 
(nabilone). These approved drug 
products are only available with a 
prescription from a licensed health-
care provider. Importantly, the FDA 
has not approved any other canna-
bis, cannabis-derived, or cannabidi-
ol (CBD) products currently availa-
ble on the market.”

How Is the  
Cannabis Industry  
Actually Formulating?
I have been using this soapbox, kindly 
provided to me by Cannabis Science and 
Technology, to advocate for years that 
cannabis is medicine and it should be 
tested like medicine! I will add to that 

Figure 1: The manufacturing process for an aspirin tablet.
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cannabis is medicine…formulate it like 
medicine! Note that I emphasized in 
the previous section that formulating 
and testing using pharmaceutical in-
dustry paradigms is not only the right 
thing to do, it is the profitable thing 
to do. So, in my opinion all cannabis 
businesses should be testing and for-
mulating as if our industry is already 
FDA regulated. Also, when Federal 
government regulation of our industry 
inevitably happens, you will already be 
in compliance and way ahead of  
your competitors.

How well as an industry are we do-
ing with formulations? Let’s take again 
the manufacture of our CBD tincture 
as an example. The API in a tincture 
is the CBD. Has CBD been fully vet-
ted for safety and efficacy by the FDA? 
Well, sort of. It is approved for cer-
tain indications as indicated by the 
FDA quote above. However, technical-
ly an API needs to be tested in each 
new indication to make sure it is safe 
and effective. For example, if a com-
pany started claiming that aspirin can 
cure baldness, even though aspirin has 
been used for decades for other pur-
poses, these new claims would need to 
be investigated before a company can 

legitimately sell aspirin claiming it  
grows hair.

The tricky part with CBD is that 
many companies formulate their tinc-
tures with extracts or distillates that 
are complex mixtures that contain 
CBD and many other molecules. The 
reason given for doing this has to do 
with the entourage effect (14), the idea 
that the complex of compounds in can-
nabis medicines interact synergisti-
cally to produce their desired effects. 
I am not here to pass judgement on 
whether the entourage effect is real or 
not. I can tell you that it is very diffi-
cult to prove. The reason many med-
icines contain a single API ingredient 
is that they are easy to study—in sci-
ence the fewer variables the easier it is 
to design definitive clinical studies. To 
test a new aspirin indication, it is easy 
enough to produce a tablet contain-
ing the desired dosage of aspirin and 
amounts of excipients, make identical 
placebo tablets to this without API, en-
roll your clinical trial subjects, divide 
them into research and control groups, 
and get started. The beauty of this ap-
proach is that since the only variable 
is the presence or absence of aspirin 
in the tablets, differences between the 

research and control groups can be as-
cribed to the aspirin.

Now try doing this with a tincture 
made from hemp distillate. The distil-
late may contain 90% of our API CBD, 
but the other 10% contains minor can-
nabinoids, terpenes, and other mole-
cules extracted from the biomass. We 
can think of these as excipients. The 
trouble here is that no two batches 
of distillate are going to be alike. Un-
less you know the amount of and con-
trol all compounds present it is diffi-
cult to set up a clinical trial where you 
can clearly ascribe any effects seen to 
a specific molecule. I also worry about 
what we don’t know about extracts and 
distillates. Face it, does anyone who 
makes distillates that are 90% CBD 
fully know what is in that other 10%? 
There could be compounds extract-
ed from the plant, breakdown products 
as the result of processing, not to men-
tion pesticides, heavy metals, and oth-
er toxins present that can harm can-
nabis patients. In this case, ignorance 
is not bliss because unlike the excipi-
ents used in the pharmaceutical indus-
try, the safety of many of these com-
pounds has not been tested. The fact 
that these molecules are derived from 

Figure 2: The manufacturing process for a bottle of CBD in MCT oil tincture.
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a plant does not mean they are safe. As 
I pointed out in my last column, bio-
mass can contain dangerous aflatoxins 
as result of mold growth (8). We are all 
guinea pigs in a huge experiment test-
ing whether the excipients in cannabis 
medicines are safe or not.

Fortunately for tincture formula-
tors there is a solution to this prob-
lem—CBD isolate. This material typ-
ically consists of white crystals and 
can be of 99+% purity. The carrier oils 
used in tinctures, such as MCT oil and 
olive oil, are food and are already gen-
erally recognized as safe. So, if I were 
a tincture formulator I would use CBD 
isolate as my API and MCT or olive oil 
as these ingredients would pass mus-
ter with the FDA. If one wanted to pur-
sue the entourage effect that could be 
done by adding known amounts of oth-
er components such as terpenes to in-
sure that every bottle is made the 
same. This is too difficult to achieve 
with complex mixtures of cannabi-
noids and terpenes. The morale of the 
story then—if you want to adhere to 
the pharmaceutical industry testing 
paradigm, formulate with pure APIs 
and generally recognized as  
safe excipients.

How does our industry do when it 
comes to testing after each manufac-
turing step? Not so great. There are 
many extractors who only test their fi-
nal product because that is all the law 
requires. As I have pointed out in the 
past, if I had a dollar for every extrac-
tor I’ve talked to who said they don’t 
need to do in-house testing I would 
be a rich man (8). As I have tried to 
make abundantly clear, testing after 
every manufacturing step is not only 
the right thing to do it is the profita-
ble thing to do. Investing in your own 
testing capabilities is not an expense 
to be minimized, it is an investment 
that helps you make safe and effective 
cannabis medicines profitably.

Are Cannabis  
Medicines Stable?
In a word, no. My own work has shown 
that total THC in CO2 extracts is not stable 
with a half-life of about 8 months, and 
the references cited in that paper show 
that biomass is not stable either (15). This 
means cannabis patients are receiving the 
wrong dose of medicine, and all cannabis 
medicines need a use by date based on 
actual science. I have discussed this issue 
before (16). Much more work needs to be 
done to ascertain the stability of cannabis 
medicines. And stability testing in the ac-
tual packaging sold to consumers is vital. A 
talk at a recent online symposium showed 
that lead leaches into vape pen formula-
tions from the packaging it is in (17). Hence 
the need to for stability testing of cannabis 
medicines in its original packaging.

Conclusions
The pharmaceutical industry typically 
formulates with pure active pharmaceu-
tical ingredients that are know to be safe 
and effective and with excipients that are 
generally recognized as safe. They follow 
this by testing after each and every man-
ufacturing step in addition to testing final 
products. I have shown that this formula-
tion paradigm is not only the right thing, 
but also the profitable thing to do. I have 
shown how to adapt this formulation 
paradigm to the cannabis industry, and 
reviewed the current state of this.
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As the global cannabis industry continues to expand, 
operations and grow sizes are also expanding toward 
larger harvests that are more streamlined by machinery 
such as trimming and bucking machines. 

CST: Can you give us a background on CenturionPro? 
LUNDGREN: We are a cannabis and hemp harvesting machinery 
company that sells trimming and bucking machines. Our machines 
are known across the industry for being rugged and well-built.  
Customers have sent me pictures of our machines surviving fires 
and other extreme conditions. Our machines are simple, reliable, 
industrial, and efficient. Earlier this year, one of my colleagues pointed 
out that if we rearrange those words, we get the acronym RISE, so 
“Witness the RISE” has become our rallying cry to reclaim our spot at 
the top of the industry this year.

CST: What scale of machines do you offer? Are they meant for big 
farms, small farms, etc.?
LUNDGREN: Our goal with every product we offer is to have a solution 
for every harvest. We specialize in trimming and destemming 
solutions; we have a trimming and bucking machine to suit every 
grow size—from an industrial grow farm to a small home grower. We 
also offer hybrid wet and dry trimming and bucking machines, in 
addition to our new dry-batch trimmers, which we are launching in 
five models to appeal to every grow size. The important thing is, top to 
bottom, we want the quality and technology of all our machines to be 
the same regardless of the grow size it is servicing.

CST: What do you see as the biggest trends emerging in our 
industry right now?
LUNDGREN: Scaling up and maintaining profitability are the biggest 
trends. The global cannabis market was valued at $20.5 billion a year 
or so ago, and it’s expected to surpass $90 billion by 2028. Not only is 
the industry expanding at a rapid rate, but the square footage of grow 
operations is too. I read a stat the other day that the average grow size 
nearly doubled between 2016 and 2020.

CST: What are the key factors driving this growth?
LUNDGREN: Two key factors driving this growth: increased global 
acceptance of cannabis and hemp and the rising popularity of extract 
products, which require extensive harvests to produce. The sale of 
cannabis concentrates in the United States soared over 40% last 

Industrial Scale Harvests year, and this trend will continue as the industry 
continues to improve consumer accessibility.

CST: What is CenturionPro doing to help ease the 
burden of these trends?
LUNDGREN: Our industrial machines are heading 
into their second year in the industry, so they are 
already in the field operating on several farms and 
are proving themselves. These machines operate at 
a scale previously thought impossible and can run 
up to 3,000 pounds per hour of wet product. 

CST: Are you the only company offering these 
large-scale solutions?
LUNDGREN: No, all the major trimming brands are 
moving in this direction, but we are the first and 
only to offer an industrial destemming solution 
in the form of our XL MegaBucker and our XL 
Trimmers. They have the highest throughput of 
any wet and dry trimmer by a large margin. Our 
XL 10.0 will outperform the next-best competitor 
machine by 5X-6X the trimming volume, which is 
truly incredible. It’s not very often you see that level 
of innovation.

CST: How many industrial machine models do you 
offer, and what makes them different?
LUNDGREN: Our XL MegaBucker is the only 
industrial-scale destemming solution in the world.  
We also offer three industrial trimmer models. 
Our original two, the XL 5.0 and XL 10.0—readers 
can search for them on YouTube to see them in 
action—are incredible, but during development, a 
few challenges of scaling up our standard tumbler 
existed. To get the proper throughput, we needed 
to increase the tumbler diameter from 2.5 feet to 
almost 16 feet, which presented a lot of challenges. 
We also needed to resolve the issue of suction—our 
standard CenturionPro Original Trimmer runs on a 
3-horsepower blower.  

In the end, we broke the machine down into five 
separate interconnected systems that function 
in unison to create the XL 5.0—five tumblers, 5.0, 
and the same with the 10.0, 10 separate tumblers. 
With the XL 5.0 SE, we saw an opportunity to get 
more throughput from the XL 5.0 body frame, so 
we added a third set of cutting reels where the 
product cascades in the tumbler the most and 

upgraded other components such as the blower 
to accommodate the additional product. The 
result was a substantially higher throughput. In my 
opinion, this is the best dime-for-dollar trimmer on 
the planet right now.

CST: Can you tell us about your industrial bucker?
LUNDGREN: I love our XL MegaBucker. When 
you walk up to it for the first time, you see the 
engineering that went into it, and it blows your 
mind. It’s built into a trailer, so it’s transportable. At 
first glance, it appears to have eight workstations. 
But because it operates using four rollers, no 
limitations to the number of stem feed holes exist. 
There are approximately 120 feed holes—you can’t 
fit 120 people on it, but it makes it so that however 
many operators can fit safely standing side-by-side, 
that’s the maximum number of operators. I can say 
from personal experience that you can comfortably 
fit 12 operators at a time.  

CST: Why do I need an industrial machine? 
LUNDGREN: As operations continue to scale up, they 
quickly realize that some of their past harvesting 
methods aren’t feasible for larger harvests. The 
labor associated with human workers becomes 
astronomical, and these machines allow you to 
simplify your process, standardize the trim quality, 
and improve profitability all at the same time.  

CST: What’s next for CenturionPro?
LUNDGREN: We have a new industrial trimming 
machine that will be launching later this summer.  
We are also offering pre-sales on new products 
that are set to launch later this summer, including 
the five models of dry batch trimmers, the SS 
model trimmers that offer enhanced features 
to meet increasingly more stringent regulatory 
requirements, and the tabletop bucker, which 
pairs with our tabletop trimmer and is great for 
home growers. This is the first time we’re offering a 
combined bucker-and-trimmer solution servicing 
home growers at an affordable price. We also now 
have conveyors and speed control available as 
upgrades on some of our machines, and our rail 
systems now allow growers to combine machines 
in tandem to scale up their operations. It’s an 
incredible year for us, and we are thrilled to let 
everyone witness the RISE of CenturionPro.

Karl Lundgren
VP of Marketing
CenturionPro Solutions

https://cprosolutions.com
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extraction science

Harnessing the Power of Data 
in Extraction and Refinement 
of Cannabis, Part II
By Lo Friesen

In Part II of this series, we review the post-processing and refinement steps of producing cannabis extract 
and how data collected during the extraction and refinement phase can translate into higher profit margins.

In Part I of this series (1), key steps 
and data collection points during 
extraction were covered to empha-
size the value of accurate data and 

analysis. Processing of cannabis, from 
extraction to end product, has a wide 
and diverse range of process steps. In 
order to understand production effi-
ciency, consistency, and opportunities 
for improvement, each of these steps 
needs to be evaluated on a regular ba-
sis. As cannabis processing continues 
to scale up and margins slim, it is vi-
tal to make data driven decisions for 
the benefit of the organization. With 
data, better decisions can be made to 
improve efficiency and open the door 
to increased profitability. 

After extraction, the cannabis oil is 
categorized as “crude” or “raw.” This 
crude extract can be sold as-is for an-
other processor to refine. However, usu-
ally the crude undergoes further pro-
cessing to achieve a desired chemical 
profile, viscosity, or appearance for final 
product formulation. Figure 1 demon-
strates general steps of cannabis extrac-
tion and refinement through a process 
flow diagram. 

Crude extract can have a wide range 
of properties depending on the extrac-
tion method and quality of input ma-
terials. Some operators take advantage 
of the range of outcomes by running 

different extraction methods on start-
ing material and producing a varie-
ty of end products or formulate a sin-
gle product with different extracts and 
fractions. The refinement steps, re-
ferred to as “post-processing” steps, 
are intended to alter the crude extract. 
For example, post-processing can re-
move waxes, alter the color of the ex-
tract, increase cannabinoid potency, 
and more. At each of the post-process-
ing steps, there are a few metrics that 
are important to understand efficiency, 
performance, and tracking accuracy. 
Figure 1 lists the main data points of 
interest, which include metrics such as 
weight, color, and record of the person 
responsible for that batch step. While 
there are fewer data points to evaluate 
within each step, there are still oppor-
tunities to utilize the data to under-
stand areas of improvement. 

The weight of the wax collected can 
demonstrate how extraction param-
eters or biomass source affects final 
yield or wax concentration. Either of 
these results can vary depending on 
how much wax was extracted. After 
evaluating a wealth of data, it is clear 
that cultivator, plant genetics, and cul-
tivation method all impact the quanti-
ty of wax that the plant develops. For 
example, sungrown cannabis and hemp 
will generate about 30% more wax 

than indoor grown. Figure 2 displays 
the variance from cultivator to cultiva-
tor in addition to plant genetics. 

The weight of the extract at the be-
ginning and end of a process can reveal 
the average loss as a result of a pro-
cess. For example, analysis of post-pro-
cessing data could reveal a trend of 
significantly lower yields in prod-
ucts that have undergone the carbon 
treatment process. This should initi-
ate a cost-benefit assessment of car-
bon treating a product and when it 
should be employed. Carbon treatment 
lightens the extract by exposing the 
ethanol-cannabis extract solution to 
activated carbon to filter out the chlo-
rophyll and other colors. Tracking how 
the color changed and associating that 
with how much activated carbon was 
used, could be an opportunity for im-
proving process efficiency and reduc-
ing use of expensive consumables. 

Recording who was accountable for a 
specific process at a specific time is inte-
gral to evaluating employee performance 
with respect to laboratory operations 
and process steps. Trends can reflect if 
an employee should be coached or re-
trained if, for example, product quali-
ty, yield, or turnaround time strays from 
the team average. The time it takes to 
complete a task impacts the cost to pro-
duce a product. So, it’s important to be 
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Figure 1: Heylo process flow diagram and list of data points.
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able to accurately account for this time in 
budgeting as well as production planning.

These metrics should be tracked and 
evaluated on a regular basis to promote 
data driven decision making and a culture 
of continuous process improvement. Man-
ufacturers have had time to understand 
the bottlenecks within the extraction and 
refinement processes. The most common 
bottlenecks exist in the solvent remov-
al step. So, manufacturers have designed 
technology to disrupt the industry’s bot-
tlenecks. For example, falling film evap-
orators have been incorporated into pro-
cessing operations to dramatically improve 
the solvent evaporation step after etha-
nol extraction or post-processing evapo-
ration. Filtration technology from other 

industries is beginning to be applied to 
cannabis post-processing to separate wax-
es from cannabinoids and solvents. CO2 
extraction technology has improved in re-
cent months to incorporate innovation 
that will allow for dewaxing to occur with-
in the CO2 extraction system itself. This 
technology will eliminate the need for 
the ethanol winterization, filtration, and 

rotary evaporation processes entirely. This 
reduces total processing time by well over 
200%. Simultaneously, ethanol extraction 
system manufacturers are developing all-
in-one continuous extraction equipment, 
which will allow for the entire extraction 
and refinement process to occur in one 
continuous system and continuously feed 
the unit for nonstop extraction operation. 
These types of innovation are important 
for cannabis and hemp operations to ef-
fectively scale-up and commercialize ex-
traction methods and operations. The data 
that has been collected for each process 
will drive whether or not modified pro-
cesses and system upgrades will generate a 
return on investment and when.

Operators using physical log books or 
traceability software to keep record of 
batch run metrics often sit on piles of raw 
data. Without time and resources dedicat-
ed to data analysis, the collection process 
becomes pointless. Without processes in 
place to filter, organize, and utilize raw 
data that come from automated process-
es, therein lies an overwhelming set of 
numbers with little to no meaning. Solu-
tions will surface as organizations contin-
ue to scale-up and search for ways to opti-
mize efficiency. Visualizing the efficiency 
trends that were mentioned above can 
support quick, data-driven decisions that 
will easily translate to higher margins and 
create value for the organization.

Reference
(1)  L. Friesen, Cannabis Science and 

Technology 4(5),14–16 (2021). 

Without time and resources 
dedicated to data analysis, 
the collection process becomes 
pointless... Solutions will surface 
as organizations continue  
to scale up and search for ways  
to optimize efficiency.
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Figure 2: Heylo filtration data.



Flavonoids are found in many colorful fruits, leafy greens, 
vegetables, and citrus. They are generally associated with 
the defense system of the plant and protect the plant from 
hungry herbivores and disease. There are over 5,000 
various forms of � avonoids identi� ed throughout the world 
which are generally found in the leaves, roots, and stems. 
In cannabis, the highest concentrations are present in the 
leaves, stems, and pollen.1 There are approximately twenty 
� avonoid compounds found in cannabis including two that 
are wholly unique to the plant, cann� avin A, and cann� avin 
B. The � avonoids exhibiting the highest concentration in 
cannabis include kaempferol, quercetin, apigenin, luteolin, 
vitexin, isovitexin, and orientin. Cannabis research involving 
� avonoids has indicated activation of both CB1 and CB2 
receptors2 in addition to playing a role in the THC metabolism 
pathway. These discoveries indicate that � avonoids 
competitively bind to both the CB1 and CB2 receptors3

and provide a more therapeutic experience. Adding to 
the entourage effect is not the only positive attribute of 
� avonoids. They also contribute a wide range of overall health 
bene� ts including anti-cancer, anti-aging, DNA repair, and 
anti-in� ammatory4 qualities just to name a few.

As consumers of cannabis become more aware of 
the full capacity of the plant, analysis of the entourage 
compounds associated with the various strains should 
become commonplace. In an effort to provide the end 
user with a more complete experience, Hamilton Company 
has developed a method to con� rm the 7 most common 
� avonoids found in cannabis utilizing the PRP-1 5 µm HPLC 
column. The polymeric stationary phase used in the PRP-1 
column yield good peak shape while adding value to the 
identi� cation. Sample preparation is kept to a minimum with 
only a 15 minute sonication extraction using ethanol:water 
3:1. After centrifugation, the sample is injected. There is no 
need to � lter the sample, allowing faster analysis with the 
dilute and shoot sampling protocol while still maintaining 
consistent results. This method utilizes tetrahydrofuran 
and formic acid as mobile phases and provides baseline 
separation for all the components in under twelve minutes.

1 ) Flores-Sanchez, I; Verpoorte, R. Phytochem Rev (2008) 7:615–639.
2 ) Barrett, M; Scutt, A; Evans, F. Experientia. (1986) 15;42(4):452-3.
3 ) Pollastro, F; Minassi, A; Luigia-Grazia, F. Curr Med Chem . 2018;25(10):1160-1185. 
4 ) Seelinger G, Merfort I, Schempp CM. Planta Med. 2008 74(14):1667-77.
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Learn about the four major steps of integrated pest man-
agement (IPM) programs: setting action thresholds; 
monitoring and identification, prevention, and control; 
the various control methodologies; and how climate 

control systems both enable indoor cannabis cultivation and 
can manage pests like mold and mildew.

Monitoring, prevention, and control of pests in canna-
bis cultivation require an integrated pest management (IPM) 
plan. Scouting for pests can be performed by humans or soft-
ware. With a combination of visual inspection and comput-
er vision, the productivity of plants can be optimized, and 
the application of pesticides can be minimized. In addition, 
high-performance heating, ventilation, cooling, and dehumid-
ification (HVACD) systems can maintain target environmen-
tal conditions that can prevent the growth of pest populations. 
You can use mechanisms such as filtration, light treatments, 
and photocatalytic oxidation to control outbreaks. No mat-
ter how you grow, IPM principles can benefit your crop, and 
HVACD solutions can be a part of your IPM strategy. 

Tactics for Controlling  
Pests and Microbes
Crop loss from pests is painful, yet avoidable. With prop-
er planning, you can keep bugs out from the get-go and 
stop outbreaks in their tracks. Many pests affect cannabis 
production facilities and are necessary to manage in indoor, 
greenhouse, or outdoor environments. They fall into three 
major categories:

•    Insects and arachnids like thrips, whiteflies, spider 
mites, and aphids

•    Mollusks like snails and slugs
•    Microbial organisms like bacteria, fungi, nematodes, 

and viruses

Growers can use various strategies to avoid and control 
pests, including cultural, physical, biological, and chemical 
tactics. Integrated pest management prevents or suppresses 
damaging insect pests by applying multiple control tactics in 
a comprehensive, coordinated, and integrated manner (1).

Integrated pest management (IPM) plans have four major 
components:

1.  Setting action thresholds
2.  Monitoring and identification
3.  Prevention
4.  Control

Action Thresholds
The “culture of clean” starts with operational activities that 
establish action thresholds and procedures to follow. Be thought-
ful about your plant process flow. Track against thresholds and 
establish quarantining processes for infected plants. Prevent pest 
outbreaks with quality training and standardized procedures 
that mitigate risks with management plans. Action thresholds are 
points at which pest populations or environmental conditions 
indicate that pest control action must be taken. For example, 
you decide whether spotting one or five spider mites means an 
action is required. In your standard operating procedures, define 
the level at which pests become an economic threat so your team 
can guide their future pest control decisions (2). 

Monitoring and Identification
Establish which organisms require control. Monitoring prevents 
the overuse of pesticides, and correct identification avoids you 
using the wrong kind of pesticide. Pest scouting approaches vary 
by level of sophistication. For example, human staff can visually 
inspect plants, or growers can deploy digital solutions to photo-
graph plants and use computer vision to detect and report issues. 

Integrated Pest Management 
for Cannabis Cultivation
Monitoring, Identifying, Preventing,  
and Controlling Pests with HVAC Solutions 
By Gretchen Schimelpfenig, Jesse Porter, and Craig Burg
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Figure 1: Integrated pest management triangle.Every grow operation should always employ a level of 
visual inspection by human staff to cross-check against re-
ports from digital systems. Inspect incoming plants, use in-
dicator plants, and use sticky cards to track and review 
scouting information periodically (3).

Competitive grows utilize a combination of visual inspec-
tion and computer vision to optimize the productivity of 
plants and minimize the application of pesticides. Comput-
er vision incorporates artificial intelligence and robotics with 
high-resolution photography to be everywhere all at once. 
There are three main benefits to using computer vision solu-
tions for indoor agriculture:

1.  Plant health – AI helps determine the health status of any
plant by comparing large data sets of images against pho-
tographs of your plants day after day to detect diseases and
track photosynthetic health.

2.  System monitoring – Beyond direct sensor readings,
large data sets of factors like CO2, f luid f low, f luid

pressure, temperature, and others, can be used to f lag 
faults in your systems.

3.  System optimization – Large data sets describing the
life experience of the plant using grow room conditions
such as light levels, temperatures, and humidity. Grow-
ers can use this information to improve the perfor-
mance of the system for any cultivar.

pest management / cultivation classroom
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Figure 2: Example air control graph courtesy of Desert Aire. 

Pest Control Methodologies
There are four primary prevention and control methodolo-
gies. The IPM triangle progresses from prevention to inter-
vention, starting with cultural control, creating an environ-
ment where plants thrive, and bad bugs don’t (Figure 1). 

First, cultural strategies can be fruitful, cost-effective, 
and present no harm to people or the environment. Cultur-
al control is environmental control and is the foundation of 
any comprehensive IPM plan. According to Jesse Porter of 
Inspire Transpiration Solutions, it is the oldest IPM method 

but was largely abandoned with the advent of chemical pesti-
cides. However, with consumer demand for greater availabil-
ity of reliable, clean, pesticide-free cannabis, there has been 
renewed interest in cultural control.

Second, physical control methods include traps, barriers, 
processes performed by HVAC systems such as filtration and 
ultraviolet (UV) light treatments, and the physical removal of 
pests by growers. 

Third, biological control introduces beneficial insects and 
good microbes to work on your behalf. Trap plants can draw 
pests out of your crops or be testing sites for beneficial bi-
ological controls, banker plants rear beneficial parasitic in-
sects, and habitat plants feed the natural enemies you deploy 
against your pests. Guardian plants attract pests, feed bene-
ficials, and provide interactions between your pests and the 
biological controls you introduce in your grow rooms (4).

Finally, as a last stage of control, chemical methods deploy 
materials that are toxic to insects but not your plants (5).

HVAC Systems for Pest Management
Within each cultivation space, environmental conditions can 
slow or accelerate the spread of pathogens. The precision in 
which you can control temperature, humidity, and airflow dic-
tates the impact you can have on microbial sporulation, pest 
mating cycles, and the efficacy of your IPM applications. For 
example, sulfur is more effective in high-humidity environ-

cultivation classroom / pest management

Figure 3: Pest pressure triangle.
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ments and will become phytotoxic in 
high-temperature conditions. A second 
example: cooler temperature setpoints 
stimulate diapause in spider mite 
populations to slow feeding and reduce 
plant damage.

Indoor cannabis grow rooms are 
typically small spaces with large-ca-
pacity HVACD equipment. High-per-
formance HVAC systems can serve to 
implement both preventive and control 
strategies of your IPM plan. Proper se-
lection of the HVACD system compo-
nents is critical for mitigating pests 
as HVACD equipment purpose-built 
for cultivation and drying can protect 
plants by maintaining optimal  
environmental conditions.

Integrated machines with controls 
that track environmental conditions to 
manage cooling, dehumidification, and 
heating demands simultaneously are 
critical to maintain conditions during 
the challenging transition period be-
tween lights on and lights off. Powdery 
mildew and botrytis—root rot—have 

plagued cannabis cultivators for years. 
One major factor for these outbreaks 
is inconsistent maintenance of target 
environmental setpoints during the 
lights off period. As the 12-hour flow-
ering lights on period ends, your can-
nabis continues to transpire for 45–
90 minutes at a very high rate.

Air temperature directly affects rel-
ative humidity, and when lights turn 
off, temperatures swing low. Without 
appropriate heat provided by HVACD 
equipment during lights off, spikes in 
temperature occur, and pest vectors are 
created in your grow rooms. Without 
quality controls, sensors, and HVACD 
components that can modulate to han-
dle dynamic conditions, these plant 
stresses will occur daily. The result is 
a loss in plant vitality, yield, and quali-
ty. Closely monitoring and controlling 
conditions of your supply air to zones 
ensures your systems leverage the ca-
pacity of HVACD equipment properly to 
support the IPM goals (Figure 2). 

Prevent your HVACD system from 
becoming a source of pests by appropri-
ately designing and maintaining your 
equipment. “With the amount of dehu-
midification needed for cannabis cul-
tivation, anaerobic water can be a vec-
tor for water molds. To prevent the 
spread of fungal pathogens detrimental 

to cannabis production, evaluate drain 
pans, ducting, and HVACD system con-
densate lines regularly,” said Porter. 

When choosing control strategies for 
your IPM plan, consider effective, less 
risky pest controls first, for example, 
mechanical controls such as trapping or 
weeding or highly targeted chemicals, 
such as pheromones, to disrupt pest 
mating. If staff continue to monitor and 
identify pests and action thresholds in-
dicate that less risky controls are not 
working, additional pest control meth-
ods can be employed. The best mech-
anisms recommended by RII’s Tech-
nical Advisory Council to control pest 
outbreaks are filtration, UV light treat-
ments, and photocatalytic oxidation. 
Consider using multistage approaches 
for your IPM plan.

Filtration
Filters are a form of physical pest 
management that can prevent pests 
and pathogens from entering air 
streams or recirculating into your 
grow rooms. Filters are rated using 
ANSI/ASHRAE Standard 52.2-2017, a 
testing method that assigns a number 
from 1 to 16. Cannabis cultivators are 
encouraged to use MERV 13 filters as 
the first stage of physical pest preven-
tion and control.

cultivation classroom / pest management

A NOTE ON CURING

TO MAXIMIZE QUALITY and prevent 
inventory obsolescence, use HVACD 
equipment to manage curing 
processes. Bud rot leads to failed 
microbial testing, and your product 
will need to be destroyed. “It is 
critical to remove enough moisture 
during the early stages of curing 
to achieve a 0.6 water activity. 
This ensures microbial pathogens 
do not have a chance to form and 
spread, ensuring a safe start to 
your curing process. To provide 
safe cannabis to consumers, 
understand the load profile for the 
first few days of curing processes, 
dehumidify appropriately, and 
provide adequate airflow,” said 
Jesse Porter. 

Figure 4: Model of microclimates.
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Light Treatments  
for Pest Management
UV light can be used as an IPM strategy 
in three areas of mechanical systems 
serving indoor cannabis facilities: at the 
cooling coils, within the air ducts, or 
within the environment using upper-air 
UVC fixtures (Figure 3). 

Cooling coil surface treatment 
may have more limited impacts when 
compared to the other methods of 
UV treatment in the growing envi-
ronment and focuses on the wetted 
coils within the HVAC equipment. 
“Since the air is moving quickly with-
in the cabinet and the effectiveness 
of UV lighting is dependent on both 
time and intensity, UV directed at the 
cooling coils is an alternative to me-
chanical and chemical cleaning of the 
coils,” said Craig Burg of Desert Aire. 
“In indoor plant environments, the 
wetted coils are almost always cold 
and there is a continuous f low of con-
densate. This limits the growth of mi-
crobes and biological contaminants 
on coils.” Evaluate polymeric mate-
rials such as plastics inside air-han-
dling equipment and ducts for com-
patibility as these may degrade when 
exposed to UV light.

In-duct UV disinfection cleans your 
air and results in greater disinfec-
tion rates of airborne microorganisms. 
High-intensity UV tubes are typical-
ly placed lengthwise down the duct to 
allow for more exposure time as the 
air passes by the lights.

Upper-air UVC fixtures work 
similarly to in-duct solutions, but 
are mounted in the room, typical-
ly high on the walls. Air moves rela-
tively slowly across the fixtures, in-
creasing the length of exposure for 
microorganisms. 

For all three methods, it is vital to 
take precautions to manage human 
exposure to direct and ref lected UV 
light. “Implement proper shielding to 
ensure both personnel and plants are 

not exposed to UV radiation, and con-
sider installation and servicing as well 
as operation,” noted Burg. Exposure to 
UV has significant adverse health ef-
fects if humans are exposed. 

MERV 13 grabs anything larger than 1 
µM in diameter, but photocatalytic oxida-
tion processes can destroy smaller pests. 
Another application of UV light treat-
ments, photocatalytic oxidation is a special 
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kind of UV treatment that combines UVC irradiation with a tita-
nium dioxide catalyst that reacts and shreds malignant contami-
nants into wa ter, carbon dioxide, and harmless by-products.

Best IPM Practices
Keep an eye out for additional tips for HVAC controls in Resource 
Innovation Institute’s next peer-reviewed Best Practices Guide (6) 
on Automation & Controls for Cannabis Producers coming this 
summer. As a non-profit organization, RII brings together pro-
ducers, utilities, designers, builders, and technology providers to 
help cultivators successfully adopt efficient techniques and ensure 
resilient harvests into the future. Some tips to consider include:

1.  Consult published resources for your region, your crops, 
and the pests you encounter such as the National Integrated
Pest Management Database (7), GrowerIQ’s IPM Guide for 
Cannabis (8), Koppert’s Knowing and recognizing (9), Robert 
Clarke’s Hemp Diseases and Pests: Management and Biological 
Control (10), and Hort Americas Mastering Crop Protection: 
Integrated Pest Management Strategies for CEA (11).

2.  Start pest management a month before crops are brought
into any part of a facility. Check at least a third of
incoming plants.

3.  Use strategies such as quarantining new or infect-
ed plants, air showers, and positively pressurized culti-
vation spaces to prevent the spread of insect pests and
plant pathogens.

4.   Avoid using oscillating fans or plug-in dehumidifiers as they
can be a source of pests in your grow rooms.

5.  Use trended data from monitoring records to set pest lim-
its. Pest trends can be analyzed every crop cycle with pest 
scouting approaches.

6.  Model grow rooms to understand where air flows so your
HVACD systems can create the right pressures.

7.  Monitor environmental conditions and use HVAC systems
to avoid microclimates (Figure 4).

8.  Cycle air often through filtration systems, controlling tem-
perature and humidity to prevent swings in conditions that
can lead to growth of powdery mildew.
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One of the first instruments a chromatographer en-
counters early in their career is often a liquid chro-
matography system with some form of an ener-
gy-based detector. It is a principal starting point of 

liquid chromatographic separations that can be used for the 
analysis of a variety of compounds and often is the conjoined 
partner of a spectrometry-based liquid chromatography–
mass spectrometry (LC–MS) system. At the heart of most 
high performance liquid chromatography (HPLC) systems is 
a spectrometry or spectrophotometry configuration in which 
energy (or light) plays an important role in analysis.  

There is often a lot of confusion between the terms chro-
matography, spectroscopy, spectrometry, and spectropho-
tometry. These concepts are intrinsically linked, but are still 
different approaches to looking at (or measuring) matter with 
light (or energy). The terms are all based around the Greek 
word origins for color (chroma-) and light (photo-) combined 
with the terms: ‘to write’ (graphein), ‘to measure’ (metria), 
‘to see’ (skopia), or the Latin ‘to look at’ (specere). The differ-
ent disciplines can be understood as a general sphere of study 
with levels of increasing specialty or specificity.    

On the highest level, especially for analytical scientists, 
there is spectrometry which is the measurement of the inter-
action of matter with energy (in particular electromagnet-
ic radiation). There are several types of spectrometry defined 
by their target and method of measurement: neutron tri-
ple-axis, ion-mobility, Rutherford backscattering, mass spec-
trometry, and spectroscopy (Figure 1).

The most elite (and least available) form of spectroscopy is 
neutron triple-axis spectrometry. Neutron triple-axis spectrome-
try or triple-axis spectrometry (TAS) (Figure 2a) is the measure-
ment of inelastic neutron scattering at points of physical space 

or energy monitored within the range of the spectrometer. In-
elastic neutron scattering measures the change in kinetic ener-
gy during a collision of neutrons and a sample. Inelastic neutron 
scattering is an experimental technique commonly used in con-
densed matter research to study atomic and molecular motion 
as well as magnetic and crystal field excitations (2–4). It distin-
guishes itself from other neutron scattering techniques by re-
solving the change in kinetic energy that occurs when the col-
lision between neutrons and the sample is inelastic. Neutron 
scattering occurs between a neutron and a target nucleus, in 
elastic scattering a single neutron is emitted from the sample 
nucleus and no energy is transferred into excitation of the tar-
get nucleus. Inelastic neutron scattering occurs when some of 
the energy of the incident particle is either absorbed, increased, 
or lost with the recoiling of the sample nucleus leading to an ex-
cited state. In this situation, momentum is conserved but the ki-
netic energy of the system is not. These instruments are used in 
research capacities at high level research institutes and are not 
commonly encountered by most spectroscopists.  

If the most difficult and least accessible forms of spectros-
copy is TAS then one of the most accessible forms of spec-
troscopy is ion-mobility. Ion-mobility spectrometry (IMS)  
(Figure 2b) targets, separates, and identifies ionized gas-
phase molecules by their ion mobility in a carrier gas. The 
simplest model of IMS is the drift tube (and its varied config-
urations) which allow sample molecules carried by the carrier 
gas to flow through a tube at controlled intervals to interact 
with the applied electric field and the neutral drift molecules 
which allow for the separation of ions. The time the ions take 
to traverse the tube is measured from fastest to slowest. Of-
ten these spectrometers are coupled with other systems and 
detectors such as gas chromatography (GC)–MS or LC–MS. 

Looking with Light: 
Understanding Spectrometry
By Patricia Atkins

Over the last two columns we have looked at the basics of chromatography and examined method development. 
In this column, we will finish looking at liquid chromatography with a deeper examination of the mechanics, 
physics, and chemistry of different spectrometers that are used in analytical laboratories. We will look deeper 
at mass spectroscopy and its relationship with liquid chromatography and thereby add to our working 
knowledge base of liquid chromatography processes. It is hoped that these tools allow the chromatographer or 
spectroscopist to maximize their efficiency and develop sound methods for analysis of their targets by giving an 
in-depth view of how the different chemistries, technologies, and instruments function to produce results.  
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Figure 2: Spectrometry Mechanisms: (a) Neutron triple-axis spectrometry or triple-axis spectrometry (TAS),  
(b) ion-mobility spectrometry (IMS), and (c) Rutherford backscattering spectrometry (RBS).
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The most common use of these detectors is for high-speed 
detection of environmental or in situ targets. They are most 
often seen in portable or field instruments used to detect 
drugs, explosives, or chemical weapons. Their speed and com-
pact forms make them common spectroscopy tools in use by 
a wide variety of skill levels including non-spectroscopists.

The remaining three types of spectroscopy or spectrome-
ters are where most spectroscopist have the most experience 
depending upon the type of targets and samples that are being 

examined. Rutherford backscattering spectrometry (RBS)  
(Figure 2c) is a technique where the structure and composition 
of a material is determined using a high-energy ion scattering 
to measure the backscattering from a beam of high energy ions 
(protons or alpha particles) onto a sample. This type of spec-
trometry is found most commonly in the material sciences. 

The last two types of spectrometry are of particular im-
portance to most analytical laboratories and include mass 
spectrometry and optical spectroscopy.  

Searching for Mass
Mass spectrometry (MS) measures the mass-to-charge ratio of 
charged particles which results in a mass spectrum (intensity 
versus mass-to-charge plot). The main parts of a mass spec-
trometer are a sample inlet, an ion source, a mass analyzer, 
and a detector. Sample inlets allow for the controlled intro-
duction of a gaseous or vaporized liquid sample (or solid via 
a heated probe) through an aperture where the sample passes 
to an ionization source which generates ions.  

Samples are ionized by several different mechanisms de-
pending on the type of sample and dissociated into fragments 
that are characteristic for the molecules or elements in the sam-
ple. The fragments of smaller mass sometimes carry a charge 
and can be measured with relative intensity or abundance that 
provide structural or isotopic information needed for iden-
tification. Most ionization techniques fall into either ‘hard’ 

Figure 1: Types of spectrometry systems.
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ionization or ‘soft’ ionization depending on the ionization ener-
gy involved and the degree of fragmentation which results.  

Hard ionization uses high quantities of energy in fragment-
ing the target molecules and result in a large number of frag-
ments from the rending of bonds in the original molecule. The 
fragments tend to have lower mass-to-charge ratios (m/z) than 
the parent molecule. The most common hard ionization tech-
nique for organic molecules is electron impact ionization (EI) 
that employs a high-energy electron beam (~70 eV) to form rad-
ical cations which then decompose to smaller fragments. These 
fragments are the basis for the mass spectrum (sometimes re-
ferred to as the molecular fingerprint) and its use in identifying 
compounds (Figure 3). EI requires a system that can be kept 
under high vacuum such as a gas chromatography system (GC–
MS) and is not well suited for LC systems that are mostly op-
erated at atmospheric pressure. Many libraries exist for typi-
cal mass spectrum using GC–MS with an EI source to ascertain 
identities of unknown molecules or species detected in samples.  

Soft ionization uses small amounts of energy to ionize 
molecules and result in only a small number of fragments. 

The most commonly used soft ionization techniques in 
an analytical laboratory include chemical ionization (CI), 

Figure 3: Example of GC–MS EI mass spectrum  
for cannabidiol.
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atmospheric-pressure chemical ionization (APCI), electros-
pray ionization (ESI), atmospheric pressure photoionization 
(APPI), and matrix-assisted laser desorption (MALDI).  

In chemical ionization (CI) techniques, ion fragments are 
produced by the collision between sample molecules and a col-
lision gas. This type of ionization requires lower energy than 
other types of ionization depending on the type of sample and 
collision gas. CI often provides a simpler spectrum with lit-
tle to no fragmentation. In CI and other soft ionization tech-
niques, the molecular ion peak [M+1]+ is present and is helpful 
to determine molecular mass. This simpler spectrum can limit 
the amount of structural information for a particular sample 
or element but can be useful when other stronger ionization 
techniques such as EI make molecular ion peaks undetecta-
ble. CI techniques, similar to EI techniques, tend to be used in 
conjunction with GC–MS systems under high vacuum.  

Atmospheric pressure ionization sources such as ESI, APCI, 
APPI, and MALDI are characterized with ionization occurring 
at atmospheric pressure before the resulting ions are intro-
duced into the mass detector under vacuum. These techniques 

Figure 4: Choices for ionization by molecular weight  
and polarity.

Figure 5: Electrospray ionization source: (a) general configuration of ESI (positive mode), (b) close-up examination 
of desolvation and ion creation.
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Table I: Surface tension for common LC–MS mobile  
phase components

Solvent Surface Tension (dyn/cm)
Acetonitrile 19.1

Methanol 22.6

Tetrahydrofuran 26.7

Formic Acid 37.7

Acetone 58.1

Water 72.8

(except for MALDI) are associated with liquid chromatography 
systems (LC–MS). MALDI, which stands for matrix-assisted la-
ser desorption/ionization, fits neither a pure gas chromatog-
raphy nor liquid chromatography system. MALDI is an ioni-
zation process where a solid sample or a target sample mixed 
with a solid matrix is applied to a sampling support and a laser 
ablates and desorbs the sample. The sample molecules are then 
ionized by protonation or deprotonation by ablated gases. This 
technique is most often seen for use with large biological mole-
cules and tissues. Often the choice between GC–MS or LC–MS 
sources and MALDI are dependent upon the sample form, tar-
get analyte size, and molecule polarity (Figure 4).

A pulsed laser irradiates the sample, triggering ablation and 
desorption of the sample and matrix material. Finally, the ana-
lyte molecules are ionized by being protonated or deprotonated 
in the hot plume of ablated gases, and then they can be accelerat-
ed into whichever mass spectrometer is used to analyze them.

LC–MS Ionization: Electrospray
The mostly widely used source for LC–MS is an ESI source. 
Electrospray ionization (ESI) produces ions using a nebuliz-
ing needle or probe in addition to drying gases and an ap-
plied energy voltage to create an aerosol. ESI is considered 
to be a soft ionization technique that can create multiply 
charged ions which can be several orders of magnitude larg-
er than the parent compound. This multiply charged ion spe-
cies can be seen in molecules such as proteins and peptides.  

During ESI, a nebulizer needle with a nebulizing gas, such 
as nitrogen, flows through a fused silica capillary. There is a 
charge applied which forces the oppositely charged ions to 
lag in the capillary and forces the similarly charged ions to 
gather at the end of the capillary tip. The flow from the cap-
illary and the nebulizing gas force a discharge from the tip 
and form a Taylor cone of clustered similar charged ions, 
which then converge into droplets with multiple charges 
(electrospray). The droplets make up the aerosol plume com-
posed of solvent, gas, and charged ions (Figure 5a). 

As the ion droplets progress, repulsion of like charges and 
surface tension cause the Rayleigh limit to be reached and the 
expulsion of single charged ions and the formation of smaller 
droplets which then continue to desolvate as the droplets are 
evaporated by heated drying gas until only ions remain to en-
ter the capillary inlet to the mass analyzer (Figure 5b).

The initial formation of droplets can be affected by multi-
ple variables including choice of mobile phase, mobile phase 
additives, applied voltage, and nebulizer gas flow and tem-
perature. In past columns, we examined the importance of 
the chemistry of solvents and mobile phase to aid in ion-
ization prior to reaching the ionization source by creat-
ing charged species. In the ionization source, mobile phase 

composition and additives can play an important role in drop-
let size and surface tension.  

Solvents with lower surface tension can facilitate the re-
lease of single charges from the multiply charged droplets. 
Water has the highest surface tension; therefore, methods 
with high aqueous mobile phase will need changes to the oth-
er parameters or addition of other solvents to aid in surface 
tension (Table I). The composition of the mobile phase can 
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also affect the rate of desolvation with more volatile solvents 
evaporating quickly than less volatile solvents.  

The first step in creating ions in ESI is producing a robust 
and reproducible electrospray by altering the applied voltage 
(capillary voltage), drying gas flow, and temperature. First, we 
will examine the effect of changes in voltage to the spray. The 
average applied voltage is about 3000–3500 V. The voltage 
helps to form a Taylor cone and pull the charged ions towards 
the capillary. A Taylor cone is a cone of material formed dur-
ing electrospray in which a jet of charged particles is formed 
above a threshold voltage. This cone formation allows then 
for a jet of charged particles to travel and spread in the desol-
vation zone to the capillary aperture.  

Most LC–MS systems accommodate between 2000–6000 V, 
which can be optimized for individual targets using flow injec-
tion analysis (FIA) studies where one sets up a series of injec-
tions of the target analyte with stepwise changes to different 
MS parameters. Modern LC–MS manufacturers often include 
instructions on the correct set up of an FIA experiment. 

At lower voltages, a Taylor cone may not form, and the 
droplets fall out of the stream to waste, resulting in a lack 
of signal. As the voltage increases toward optimum, a cone 
and jet are formed (axial spray), usually in the range of about 
3000–3500 V. Axial spray mode is the optimal condition for 
reproducible signal. As voltage increases, the cone and flow 
can start to destabilize (rim emission) which can still result 
in signal, but that signal may be unstable. Finally, signal can 
be lost by coronal discharge if the voltage exceeds a certain 
potential where all the droplets and solvent are completely 
ionized and evaporated before reaching the capillary.

The flow and temperature of the drying gas and nebuliz-
er pressure can change the number of ions reaching the mass 
detector. These parameters are interconnected and are de-
pendent upon several factors including type of ionization 
source and HPLC flow rate (Table II). Table II represents the 
most common range of settings for the different types of ion-
ization sources at different flow rates. Best practices always 
dictate to start at the lowest value and increase slowly to ob-
tain the best results with the minimal output.

There are several drawbacks to using ESI, starting with the 
types of target analytes ionized by ESI. Successful ESI targets 
are moderately polar and easy to ionize. ESI is most efficient 
with less aqueous mobile phase mixes and more organic mo-
bile phases with low surface tension. In addition, ESI requires 
somewhat lower flow rates and often will need to have flow 
partially diverted prior to entering the source so as not to over-
whelm the source’s ability to desolvate the droplets.

ESI produces multiply charged species such as dimers and tri-
mers; and can form adducts with a variety of different system 
contaminants and mobile phase components. Common adducts 
include sodium (M+23) from glassware; acetonitrile adducts 
(M+43 ACN+H) and dimers (2M+H). Adduct tables are available 
from many sources including LC–MS manufacturers. My per-
sonal choice in my LC–MS work is an excel adduct calculator 
available at: www.lc-ms.nl. Some common LC–MS contaminants 
can become adducts or appear as target fragments in the mass 

Table III: Positive mode LC–MS contaminants

Compound m/z
Sodium 23

Acetonitrile 42

Acetonitrile + sodium 64

Triethylamine (TEA) 102

Dibutyl phthalate (plasticizer) 279

Oleamide (slip agent and plasticizer) 282

Dibutyl phthalate (plasticizer) + sodium 301

Erucamide (slip agent and plasticizer) 338

Erucamide (slip agent and plasticizer)  + sodium 360

Diisooctyl phthalate (plasticizer) 391

Diisooctyl phthalate (plasticizer)  + sodium 413

Diisooctyl phthalate (plasticizer) + sodium + acetonitrile 454

Table II: Common range of settings for LC–MS ionization sources

Source Flow Rate Nebulizer  
Pressure (psig)

Drying Gas Flow 
Rate (L/min)

Drying Gas  
Temperature (C°)

Fragmentation 
Voltage (V)

Cap Voltage (V)

ESI 0.05 15–20 7–10 325–350 70–135 3500

ESI 0.1 20–30 7–10 325–350 70–135 3500

ESI 0.2 20–40 10–12 340–350 70–135 3500

ESI 0.5 30–45 12–13 350 70–135 3500

ESI 1 45–55 12–13 350 70–135 3500

APCI 0.2–1.5 60 5–7 350 70–135 3500

APPI 0.2–1.5 60 5–7 350 70–135 3500

http://www.lc-ms.nl


33cannabissciencetech.com july/august 2021   |  cannabis science and technology®

analytical / navigating the lab

spectrum. These compounds can be from the mobile phase, plas-
tic tubing, modifiers, or glassware (Table III).

LC–MS Ionization: APCI and APPI
The other two types of LC–MS ionization sources are atmospheric 
pressure chemical ionization (APCI) and atmospheric pressure 
photoionization (APPI). These two sources are used less frequently 
than ESI but are powerful tools when the target analytes of interest 
are not ionizable using ESI due to their polarity or size (Figure 4).  

The APCI and APPI sources have a lot of configuration-
al elements in common to the ESI source. All the atmospher-
ic pressure sources have a nebulizer needle to create an aerosol 
plume. The APCI source contains an additional coronal dis-
charge probe that forces the jet more quickly into the coronal 
discharge mode, which in ESI with its highly polar targets is 
unfavorable but for APCI for less polar targets, the added ener-
gy allows for a stable creation of ions. The desolvation and ioni-
zation of the molecules takes place because of gas phase chem-
istry (where ESI ionization takes place in the liquid phase).

APCI can reduce thermal decomposition of targets since the 
droplets are quickly vaporized in a hot source (250–400 °C) 
which leads to fewer fragments and adducts. APCI has rapid 

desolvation power with its fast transition to gas phase and 
higher energy and allows for higher flow rates up to about 
2 mL/min without splitting flow to the ionization source. The 
mobile phase composition can be composed of higher organ-
ic solvents with a less polar chemistry due to the gas phase 
chemistry. It is also due to the gas phase chemistry that fac-
tors such as polarity and pH of solvents are less of a concern 
for ionization.

The final type of ionization source we will examine is 
APPI. APPI uses the power of photos to ionize molecules 
in the gas phase which require additional energy to ionize 
such as nonpolar analytes. To understand how much ener-
gy is needed for molecules, we have to take a closer look at 
proton affinity (PA) and ionization energy (IE) (or ioniza-
tion potential [IP]). PA is related to the acidity of a mole-
cule we discussed in prior columns in association with pKa. 
IP is the total amount of energy required to free an outer-
most shell electron of an atom. Many APPI use a krypton 
lamp as a source of photos to ionize analytes. The krypton 
lamp emits about 10 eV of energy which can then directly 
ionize any analytes with an IE less than 10 eV. In addition, 
APPI sources can be aided by the addition of easily ionizable 
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solvent molecules called dopants which help to ionize target 
analytes (whose IP >10) by several methods including: initi-
ating gas phase ion or molecule reactions that subsequently 
form analyte ions; by undergoing charge exchange or proton 
transfer. Common dopants for LC–MS include solvents such 
as acetone (IP = 9.7) and toluene (IP =8.8).

There are many advantages and disadvantages to APPI. Ad-
vantages include the ability to analyze a wide range of polari-
ties and molecular sizes in one analysis. APPI is the least sub-
ject to adducts, ion suppression, and matrix effects. The APPI 
source, like the APCI source, is well suited to higher flow rates 
unlike the ESI source. Some of the disadvantages are that of-
ten a dopant is needed to overcome ionization potential and to 
optimize sensitivity. In general, more response is found with 

ESI and APCI sources. In the end, the choice is based on the 
type of target analytes being examined (Table IV).

LC–MS Mass Analyzers
Once ions are created in the LC–MS, the analyte ions are carried to 
a detector where they can be fragmented to various degrees with ap-
plication of charge. For LC–MS, the detectors are often based on one 
of three configurations: quadrupoles, traps, or time-of-flight. New 
detectors (tandem MS/MS) are often multiples or combinations 
of these basic three types (that is, ‘triple quads’ [the combination 
of multiple quadrupoles], quadrupole and time of flight [Q-ToF], 
and ion trap ToF (ion trap with time of flight). Orbitrap is a form 
of an ion trap where the trap acts as the analyzer and detector. The 
orbitrap has a pouched tube-shaped reservoir with outer electrodes 
and a central centrode. Ions enter the trap and are trapped. The ions 
oscillate around and between the electrodes at different frequencies, 
which results in mass separation. Orbitrap is a form of a the highly 
costly research Fourier transform mass analyzers and tend to be 
highly specialized and often cost prohibitive for many analytical lab-
oratories. For the purposes of this column, we will not go into great 
detail about this specialized type of mass analyzer.

The mostly widely used LC–MS detector is the quadrupole de-
tector (either a single quad or triple quad). The quadrupole (Q) 
is the mass analyzer for the system. After ionization by one of 
the many sources previously discussed, the ions pass through a 
charged capillary tube, other ion optics such as a skimmer, octu-
pole, and focusing lens which create a fragmentation zone before 
entering the analyzer. The initial areas of the system are usual-
ly under low vacuum from the rough pump (3–4 Torr) until the 
area around and after the interior end of the capillary and skim-
mer which then transition to high vacuum provided by the turbo 
pump (9-15 x 10-6 Torr) to keep the quadrupole under high vacu-
um. The quadrupole consists of two pair of parallel rods, which 
direct current (DC) and radio frequency (RF) are applied to cre-
ate a charged tunnel through which analyte ions and fragments 

Table IV: Classifications and functionality of analytes  
and LC–MS ion source. E= excellent, G= good with meth-
od optimization, P= poor, and NA = not advised.

Group/Class EI APCI APPI
Acids E G G

Alcohols, aldehydes, ketones,  
and carbonyls

P G G

Alkanes and aliphatic  
hydrocarbons

NA P G

Amines E E E

Aromatic hydrocarbons NA P E

DNA G NA NA

Proteins and peptides E NA NA

Amino acids G P G

Polymers G P NA

Carbohydrates G E E

Triglycerides P E E

Figure 6: Simplified ion path diagrams for (a) single quadrupole LC–MS and (b) triple quadrupole LC–MS.
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are filtered by their mass-to-charge ratios (Figure 6a). In a sin-
gle quadrupole system, there is only one pathway for detection 
which often creates the parent ion plus either an adduct or a hy-
drogen (M+1) or a simple fragment. There are some changes to 
the system energies that can cause collision induced dissocia-
tion (CID) of all the ions present leading to some fragmentation.  
Raising fragmentation voltage can start to break apart parent 
ions into smaller fragments but without the mass filtering found 
in other types of mass analyzers to be discussed.

In a triple quadrupole (QQQ) system, the three sets of quad-
rupoles can each be set to different frequencies or energies to 
create additional sets of smaller fragments which can be used in 
identification (MS/MS). The first and the third quadrupoles act 
as mass filters and the second quadrupole becomes a collision 
cell to induce CID on isolated masses to create fragments  
(Figure 6b). The collision cell is the area of CID where frag-
ments are created by interaction with other ions in the cell.

Ion trap mass (IT) systems have a charged reservoir or trap 
into which the analyte ions are deposited (Figure 7). In most 
cases direct current is not used, and the spectrum are meas-
ured first by grounding the endcap electrodes and applying a low 
high-frequency (hf) voltage to the ring electrodes. Then ions of 
the required m/z are allowed into the trap. The hf voltage is in-
creased to the trap at the ring electrodes, which fragments the 
analyte ions and filters the mass-to-charge ratios of the unsta-
ble oscillating ions through the endcaps to reach the detector. 
The ion trap can apply multiple different ionization energies to 
the trap and can create multiple fragments similar to passing 
through multiple triple quads and is often referred to as MSn due 
to its ability to produce a large number of fragmentations.  

The trade off between different types of LC–MS sources tends 
to be cost, ease of operation, resolving power, mass resolution, 
fragmentation ability, and mass accuracy. Resolving power, as dis-
cussed in the previous column, is the ability to separate and distin-
guish two adjacent peaks while mass resolution is the ability of an 
instrument to distinguish between adjacent ions of equal intensi-
ty. Fragmentation ability is the instrumentation’s ability to create 
product ions from parent fragments after the application of an en-
ergy source. Instruments such as a single quadrupole (Q) have a 
few methods for simple fragmentation, but precise fragmentation is 
more in the role of other systems such as QQQ or IT. Mass accuracy 
is the ability of the system to discern a highly accurate mass for an 
ion; often these types of systems (ToF, orbitrap) fall under the cat-
egory of high-resolution mass spectrometers (HRMS). These sys-
tems can produce highly accurate mass assignments but are high 
in cost and can be difficult to operate and maintain. Table V com-
pares the different attributes for the discussed LC–MS systems.

Time of flight analyzers measure extremely accurate mass for 
analyte ions determined by a time-of-flight measurement. Ions en-
ter a charged field where masses are filtered before being exposed 
to an energy field for acceleration. The selected ion range are accel-
erated through the field with larger ions having slower speed than 
smaller ions. The ions then drift without additional energy through 
the flight path or ion drift tube (Figure 8). The time to pass 
through the flight path is measured by the detector and the result-
ing measurement produces an extremely accurate mass calculation 
which can be used as a method of identification. ToF uses tran-
sits in time through the drift region to separate masses and works 
best when ions are accelerated in small groups towards the detec-
tor. While some ToF systems incorporate fragmentation, the main 

Figure 7: Simplified ion-trap LC–MS diagram.

Table V: Comparison of LC–MS system attributes

Mass Analyzer Resolution Mass Accuracy (Daltons) Upper m/z range Linear Dynamic Range Price
Quadrupole Low 0.1–0.5 Da 3 x 103 105–106 Low

Ion Trap Low to Medium 0.5 Da 6 x 103 104–105 Moderate

Time of Flight Medium 0.001 Da 2 x 104 104–105 Moderate to High

Orbitrap High <0.001 Da 4 x 103 5 × 103 High
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advantage of the system is very accurate mass for identification. 
For example, if a certain molecular formula has a mass error of +/-
0.5 Daltons, then that variation could mean several hundred possi-
ble identifications but if the mass resolution of a ToF is 0.001 Dal-
tons or between 1–5 ppm; then the possible identifications can be 
narrowed down sometimes into the single digits.  

LC–MS Modes of Data Collection
LC–MS software will have several choices regarding the mode of anal-
ysis. These modes are mostly independent of the type of ionization 
source and detector. The basic modes for most systems are scan, sin-
gle ion monitoring (SIM), and multiple reaction monitoring (MRM). 
The most general basic mode is scan in which the range for detection 

of the instrument is set to a given mass range such as 50–400 m/z. The 
software and detector then scan that range over the set scan time.  

There is often the ability in the software to set stepwise scan 
programs which change variables of scan time, mass range, and 
dwell time to maximize detection of ions. These programs can 
be created to eliminate solvent detection and focus the detec-
tion on a particular mass range or time in the method run. For 
example, if the target are cannabinoids in the 300 m/z  
(+/- 5 m/z) range then the scan range can be set narrowly in 
250–350 (or smaller) to focus detection only on those com-
pounds. Further, if the retention time is known, then windows 
for different scan ranges, and scan times can be set only for 
times which those peaks are present.  

Figure 8: Generalized TOF diagram.
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There is also the possibility of creating fragmentation from the 
settings in scan mode by creating a program that isolates a small 
range of masses then applies increasing fragmentation voltage to 
produce fragments (even in systems such as single quads, which 
do not usually create many fragment ions). The resulting data 
from scan mode can the be expressed in several types of chro-
matograms including total ion chromatograms, base peak chro-
matograms, and extracted ion chromatograms. Total ion chro-
matograms (TIC) often have the highest response and show all 
the ions collected during a run. This information can show infor-
mation about ions that may have been missed if only looking for 
a single target mass; but this excess of information can also bury 
the signal of target with reduced response. Base peak chromato-
grams (BPC) pull the strongest or most abundant spectrum for 
each peak and can reduce some of the noise seen in TIC. Final-
ly, extracted ion chromatograms (EIC) pull the spectrum for only 
one mass or small range of masses which can be helpful to really 
see small, less responsive peaks but also can miss any adducts that 
may form and not show any potentially important contaminants 
or other compounds that may coelute with the target peak.

SIM mode produces results similar to what is seen in an EIC 
but contain only data points on the selected ions with higher res-
olution. In EIC, the response is much lower that the TIC response 
from which the data was extracted. In SIM, all the focus of data 
collection is on only the chosen ion or ions. SIM mode is good for 
experiments where the masses and retention times for all the tar-
gets is well defined. The SIM mode will not see contamination or 
interfering compounds, but it will create higher response for the 
targets. In SIM and MRM, the time each ion is scanned (dwell 
time) can be adjusted to optimize results.

Multiple reaction mode (MRM) is primarily used in tandem mass 
spectroscopy systems where individual masses (precursor ions) can 
be isolated and then fragmented to create smaller fragments (prod-
uct ions) at different energy transitions. This type of mode can be 
very powerful for identification of unknown compounds.

Down to LC–MS Detectors
There are several types of detectors for mass analyzers including: 
electron multipliers, photomultipliers, and microchannel plates. 
All three employ dynodes that convert ions into electrons which 
are then amplified to produce a current. Most quadrupoles and ion 
traps use an electron multiplier which receives a single ion and then 
multiplies it down the multiplier to increase signal for detection. The 
second most common LC–MS detector is the microchannel plate 
which is used most often with ToF spectrometers. These detectors 
are two-dimensional parallel arrays of continuous dynode electron 
multipliers which are highly sensitive with a very fast response.

Finally, photomultipliers use sealed vacuum tubes that are re-
sponsive to varieties of light energy to create a signal and are the 
least often used detectors in LC–MS. These detectors are more 

often found in applications for optical spectrometry and spectro-
photometry, which is the final branch of the spectroscopy family 
that we will explore more in-depth in the next column.

Final Thoughts
Spectrometry is an integral part of the analytical laboratory whether 
it be as part of a GC–MS or LC–MS system. As was found in the se-
lection of columns and mobile phase in previous columns, chemistry 
and physical properties of the target analytes play a significant role 
in the choice of components in a spectrometry system. For LC–MS 
there are multiple areas of the process that can all be optimized to 
give maximum results. In this column, we took a deep look at many 
of the types of components available to the LC–MS scientist from 
the various types of ionization sources, which often begin with an 
ESI source to more specialized APCI, APPI, and MALDI sources. The 
difference and appropriate uses for the various types of mass analyz-
ers shows that the choice of detector depends upon the way in which 
the LC–MS is used. Systems like the single quadrupole are lower 
cost workhorses for routine quality control and studies while more 
fragmentation or mass resolving power is needed for elucidating com-
pound identities and come with corresponding costs. We examined 
the different types of modes, settings, and parameters that could be 
altered to fine tune methods all in pursuit of good and accurate data.  

Further Reading
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and Maintenance: A Primer. https://genome.duke.edu/sites/default/

files/PractialLCMSTroubleshooting_TAMS_handout.pdf.

(2)  https://en.wikipedia.org/wiki/Condensed_matter_physics.

(3)  P. Atkins, Cannabis Science and Technology 4(3), 17-28 (2021). 

(4)  P. Atkins, Cannabis Science and Technology 4(1), 20-30 (2021).

(5)  M.C. McMaster, HPLC, a Practical User’s Guide, 2nd Ed. 

(Wiley-Interscience, Hoboken, New Jersey, 2007).

(6)  A. Sapkota, 22 Types of Spectroscopy with Definition, Principle, Steps, Uses https://

microbenotes.com/types-of-spectroscopy/. (Accessed 2021 -06 -02.)

(7)  L.R. Snyder, J.J. Kirkland, and J.L. Glajch, Practical HPLC 

Method Development, 2nd Ed. (Wiley, New York, 1997).

(8)  L.R. Snyder, J.J. Kirkland, and J.W. Dolan, Introduction to Modern

Liquid Chromatography (John Wiley & Sons, Inc., Hoboken, New

Jersey, 2009). https://doi.org/10.1002/9780470508183.

(9)  "Atmospheric Pressure Ionization Sources: Their Use and Applicability." 
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(10)  Glossary of UV Vis Spectrophotometry- Biochrom http://www.biochrom.co.uk/
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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.

https://genome.duke.edu/sites/default/files/PractialLCMSTroubleshooting_TAMS_handout.pdf
https://en.wikipedia.org/wiki/Condensed_matter_physics
https://microbenotes.com/types-of-spectroscopy/
https://doi.org/10.1002/9780470508183
https://www.waters.com/waters/library.htm?locale=en_US&lid=134929302
http://www.biochrom.co.uk/content/1/91/glossary-of-uv-vis-spectrophotometry.html


©2019 Hamilton Company. All rights reserved. All other trademarks are owned 
and/or registered by Hamilton Company in the U.S. and/or other countries. 

Lit. No. L80098 — 08/2019

Hamilton Americas & Pacifi c Rim
Hamilton Company Inc.
4970 Energy Way
Reno, Nevada 89502 USA
Tel: +1-775-858-3000
Fax: +1-775-856-7259
sales@hamiltoncompany.com

Hamilton Europe, Asia & Africa
Hamilton Central Europe S.R.L.
str. Hamilton no. 2-4
307210 Giarmata, Romania
Tel: +40-356-635-055
Fax: +40-356-635-060
contact.lab.ro@hamilton-ce.com

To fi nd a representative in your area, please visit hamiltoncompany.com/contacts.

Web: www.hamiltoncompany.com
USA: 800-648-5950
Europe:  +40-356-635-055

With the recent legalization of both medicinal and recreational marijuana in the United States, analysis 
of individual cannabinoids has captured the public’s interest at a new level. As such, many new cannabis 
products are now available, i.e., edibles, vaporizers, and extracts to name a few. The increased marketability 
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being sold. Through the quantifi cation of individual cannabinoids, the consumer can make an informed 
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With health, safety, and edibles dosing as the primary motivation, Hamilton Company developed 
an HPLC method that isolates eight major cannabinoids. The HxSil C18 (3 µm) column provides 
an accurate, cost effective, and robust solution that can be used in any HPLC system.

Column Information
Packing Material HxSil, 3 µm

Part Number 79641

Chromatographic Conditions

Gradient
0–10 min, 78–92% B
10–15 min, 78% B

Temperature Ambient

Injection Volume 5 μL

Detection UV at 230

Dimensions 150 x 4.6 mm

Eluent A 20 mM NH4COOH pH 3.5

Eluent B Acetonitrile

Flow Rate 1.0 mL/min

Author: Adam L. Moore, PhD, Hamilton Company

Compounds:
1: Cannabidivarin (CBDV) 
2: Cannabidiol (CBD)
3: Cannabidiolic Acid (CBDA)  
4: Cannabigerolic Acid (CBGA) 

Separation of Eight Cannabinoids

5: Cannabigerol (CBG)
6: Cannabinol (CBN)
7: ∆-9-Tetrahydrocannabinol (∆-9-THC) 
8: ∆-9-Tetrahydrocannabinolic Acid 
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Cannabis Science  
Conference East Preview:  
Return to Baltimore, Keynote Speakers, 
and Key Topics 
By Josh Crossney

C annabis Science Conference, 
the world’s largest and fastest 
growing cannabis science event, 
returns to the Baltimore Con-

vention Center on September 14th and 
15th with an expanded pre-show, full-
day, hands-on Canna Boot Camp sched-
uled for September 13th. 

For more than a year we have all been 
forced to communicate and meet in 
unique ways. Zoom fatigue is a term used 
to describe the burnout, tiredness, and 
anxiety associated with overusing virtual 
communication platforms. CSC Events, 
LLC, is proud and excited to begin a re-
turn to live events, with the announce-
ment of an exceptional line-up of ana-
lytical, medical, cultivation, and hemp 
speakers. Join us in Baltimore, say good-
bye to “Zoom” and hello to the room as 
we bring together cannabis science ex-
perts and novices for three full days of 
informative presentations, posters, panel 
discussions, and networking sessions. 

“We are overjoyed to reconvene in 
Baltimore in September and deliver 
amazing technical content and valua-
ble networking opportunities that will 
help us move cannabis science forward 
as well as reconnect as human beings,” 
said Andrea Peraza, CSC Events COO. 
“Our team has pulled together the most 
educational sessions to date, combined 
with an exciting exhibit floor that will 
help our exhibitors re-establish their 
brands and grow their bottom lines.”

A glimpse at this year’s keynote speak-
ers below highlights what an amazing 

event this will be. For additional infor-
mation about CSC East speakers, topics, 
exhibitors, and sponsors, visit  
www.CannabisScienceConference.com.

• “ Cannabis: From Subculture to 
Science,” Stormy Simon – Lunch 
with Stormy Podcast, Former Pres-
ident of Overstock.com, Former 
CEO of High Times

•  “ Saving Sophie: One Mom’s  
Journey to Find a Cure Using 
Cannabis and Cell Therapy,”  
Tracy Ryan – NKore 
Biotherapeutics 

• “ Cannabis in Integrative  
Medicine, Health Promotion, 
and Disease Prevention,”  
Dr. Dustin Sulak – Healer,

•  “ Cannabinoids and the Brain-
Heart-Gut Axis: Informing  
Science from an Epidemiological 
Lens,” Dr. Denise Vidot -  
University of Miami,

•  “ Clean Cannabis,”  
Drs. Jacklyn Green and Roger 
Kern – Agate Biosciences

• “ Cannabis Cultivation  
Science Keynote,” Amazon John 
Easterling – Happy Tree Microbes 
& Laughing Dog Farms 

•  “ Navigating the Evolving Needs 
of a Global Cannabis Compa-
ny as In-House Counsel," Scheril 
Murray Powell, Esq. – SMP Law

•  “ Cannabis Contamination and 
Why a Kill-Step is Necessary,” 
Jill Ellsworth – Willow Industries 

There are many critical cannabis sci-
ence topics covered in the Analytical Sci-
ence track this year—from the chemistry 
of vaping and heavy metals to reference 
material development, extractions, in-
tellectual property, regulations, and ac-
creditation. Two very special presenta-
tions from Ben Euhus (The Technion) 
and Nadav Eyal (Eybna) will educate at-
tendees on cutting-edge analytical sci-
ence advances. Other analytical science 
highlights include local presenters from 
the Johns Hopkins Bloomberg School of 
Public Health, the Johns Hopkins School 
of Medicine, and the University of Mar-
yland School of Pharmacy, in addition to 
presentations from Northern Michigan 
University, Portland State University, the 
University of Texas at Arlington, A2LA, 
MCR Labs, and NIST. 

Title sponsor Shimadzu Scientific In-
struments returns with technical pres-
entations on heavy metals and cannab-
inoid analysis, along with analytical 
science presentations from SPEX  
CertiPrep, Agilent, CC Biotech LLC, 
CEM Corporation, Glass Expansion, Inc., 
LGC Standards, Culta LLC, CloudLIMS, 
Aura IP Law, Planet 13, BeGreen Supply, 
and Scientific Solutions. We’ll also fea-
ture a special welcome from Lori Dodson 
(Deputy Director) and William Tilburg 
(Executive Director) from the Maryland 
Medical Cannabis Commission. 

Highlights on Tuesday, September 
14th include a special “Cannabis Aca-
demic Programs” session with the two 
informative talks below:

http://www.CannabisScienceConference.com
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•  “ Turning Over a New Leaf:  
Developing Graduate Education 
in Medical Cannabis,”  
Dr. Leah Sera - University of 
 Maryland School of Pharmacy 

•  “ Incorporating Cannabis Content 
in Undergraduate Education,”  
Dr. Mark Paulsen - Northern  
Michigan University  

This year’s Medical Science track 
looks to be the strongest yet, with four 
great panel discussions—a veterans pan-
el, the ever-popular pediatric canna-
bis parents panel, a crowd-pleasing Can-
nabis Nurses Network panel as well as 
a newly added clinical director’s pan-
el. Medical cannabis presentations from 
the Johns Hopkins University School 
of Medicine and the University of Mi-
ami will cover topics ranging from “Me-
dicinal Cannabis Use for Epilepsy 
and Seizure Conditions,” to “Can-
nabinoids and the Brain-Heart-Gut 
Axis.” A special pediatric cannabis 
change-makers session featuring pres-
entations by the ever-inspiring Rylie 
Maedler (Rylie’s Sunshine) and Connor 
Sheffield (Connor’s Courage) is an event 
that you won’t want to miss!

This year’s Cultivation Science track 
begins with a talk entitled, “Innovations 
in Terpene Development” by David 
Hodes (Cannabis Science and Technology 
columnist). Another morning highlight is 
a talk by Dr. Bhodi (Michael) Tims from 
the Maryland University of Integrative 
Health entitled, “There’s a Party Going 
on: How Chemical Ecology Can Im-
prove Cannabis Production.” 

In the afternoon, the Cultivation Sci-
ence track continues with a talk by Pro-
fessor Yi Li from the University of Con-
necticut on “Novel biological and 
physical approaches to deliver DNA 
and RNA molecules for genetic im-
provement of hemp/cannabis.” Dr. 
Jacklyn Green and Dr. Roger Kern deliv-
er the first of three cultivation keynotes, 
“Clean Cannabis” and also host a culti-
vation panel discussion on 

“Advanced Genetics.” One of our 2019 
CSC East Plenary speakers, Amazon 
John Easterling of Happy Tree Microbes, 
returns to give the second cultiva-
tion keynote. Additional talks by James 
Driskill (Laughing Dog Farms) and Jill 
Ellsworth (Willow Industries) make this 
the most educational and informative 
cultivation track to date.

The Hemp Science track is equally as 
impressive. The day begins with a pres-
entation entitled, “Quantitative Anal-
ysis of 16 Cannabinoids with Com-
plete Baseline Separation of Delta-8 
and Delta-9 THC Utilizing the Triple 
Quad LCMS-8050” by Asra Gilani (Shi-
madzu Scientific Instruments) and con-
tinues with “A New Rapid, Simple, and 
Efficient Extraction Method for Can-
nabinoids in Hemp” by Benedict Liu 
(CEM Corporation). The morning ses-
sion is rounded out with a talk by Ben 
Roush (Cannabis Engineering & Compli-
ance) on “Energy Efficiency in Canna-
bis Extraction & Grow Operations.”

The Hemp Science track afternoon 
session has a special “Hemp Consum-
er Products & Branding” focus, with 
presentations from Carla Boyd (Hemp 
Way Foods) and Jared Mirsky (Wick & 
Mortar). The afternoon session also con-
tains a hemp keynote by Scheril Murray 
Powell, Esq., (SMP Law) entitled, “Nav-
igating the Evolving Needs of a Glob-
al Cannabis Company as In House 
Counsel.” The Hemp Legal IP & Intel-
lectual Property session continues with 
an I.P. protections talk by Larry Sandell 
(Mei Mark LLP). Lastly, the Hemp Sci-
ence track concludes with talks by Dr. 
Jokubas Ziburkus (MariMed Inc.) titled 
“CBGA-Mother of All Cannabinoids” 
and a closing talk by Jay Matos (Jay  
Matos Consulting).

There are many more excellent talks 
as well as interactive poster sessions and 
networking opportunities at this year’s 
event. Our hands-on Canna Boot Camp 
will be hosted again at Evermore Can-
nabis Company on Monday, September 
13th with their amazing staff and CSC 
Founding & Diamond Sponsors cover-
ing everything from cultivation and pro-
cessing to sample prep, laboratory in-
formation management systems, and 
analytical testing. At the time of writ-
ing this article only a handful of Canna 
Boot Camp tickets were available (this 
event has sold out every year). We are 
currently looking into expanding this 
event, so please check to see if tickets 
are available!

We have all been apart for far too 
long, and I am excited to see you all 
again in Baltimore! The CSC Events 
team is working closely with the Balti-
more Convention Center to ensure we 
exceed CDC guidelines with routine 
cleaning and disinfecting, and hand 
sanitizer will be available throughout 
the conference. If you have any ques-
tions or are interested in boosting your 
brand recognition on our exciting ex-
hibit floor, please visit www.CannabisS-
cienceConference.com or do not hesi-
tate to contact us. We look forward to a 
safe and informative show and we hope 
to see you there!

cannabissciencetech.com july/august 2021  |  cannabis science and technology®
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The continuously changing landscape of the legality of cannabis and cannabis-related products 
in the US places a huge burden on manufacturers and suppliers to ensure they are meeting the 

regulatory standards of their states and localities. Testing agencies are similarly tasked with 
ensuring these products meet the regulatory requirements, and contain the reported potency levels 
of the indicated cannabinoids. Because many of the cannabinoids are chemically and structurally 
related, distinguishing the legal and illegal cannabinoids from each other can be challenging with 
current analysis methods. Several of these compounds, Δ6-tetrahydrocannabinol (THC), Δ10-THC, 

cannabichromene (CBC), and cannabicyclol (CBL) are a few examples. While CBL and CBC are not 
scheduled under the Controlled Substances Act, a gray area exists for the various THC isomers, 
with most being considered illegal. Therefore, accurate identification is of utmost importance 
for ensuring fully compliant products. This technical piece is focused on the separation of the 

individual enantiomers of each compound mentioned above, as well as the combined separation 
of the compounds from each other for a fast, reliable quantification.

The Separation of Several 
Minor Cannabinoids via Chiral HPLC

W E S T O N  J .  U M S T E A D

Because of the previously restrict-
ed access to performing compre-
hensive cannabinoid studies, and 
with the growing consumption of-

fers coming from the cannabis indus-
try (vape, edibles, and so forth), the sci-
ence associated with potency testing and 
ingredient composition has been reac-
tionary at times. Researchers are identi-
fying additional minor cannabinoids on 
a regular basis (1), and attempting to as-
certain the response they elicit biologi-
cally. To this end, even compounds that 
were reported in the literature decades 
ago, still have not been fully studied and 
assessed for their physiological activity 
and bioavailability.

Several of those compounds are in-
cluded in this high performance liq-
uid chromatography (HPLC) applica-
tion development report, which includes 
include Δ6- and Δ10-tetrahydrocannab-
inol (THC) (Figures 1 and 2, respective-
ly) and cannabicyclol (CBL) (Figure 3). 

Δ6- and Δ10-THC are structural isomers 
of the more widely popular Δ8- and Δ9-
THC, the difference arising from the lo-
cation of a double bond on the upper me-
thyl-cyclohexene ring. This methyl group 
on the cyclohexene ring gives rise to a 
chiral center, and thus a pair of enanti-
omers, in all isomers of THC, including 
Δ6 and Δ10, which cannot be distinguished 
by typical achiral separation conditions. 
While not much is known with certainty 
regarding these THC isomers, the chem-
ical processing of cannabis seems to give 
rise to higher-than-typical levels of these 
compounds. In 1966 and 1967, Fahren-
holtz and colleagues demonstrated the 
conversion of Δ8 to Δ9-THC via basic de-
hydrohalogenation (1). In 1984, Srebnik 
and colleagues built upon this initial work 
and demonstrated the formation of Δ6 
and Δ10 under similarly basic conditions 
(2), which was later supported by Hanuš 
and colleagues (3). Hanuš and colleagues 
further posit an alternative oxidative 

aromatization of Δ9-THC pathway to 
the formation of Δ6-THC, again a pos-
sible consequence of cannabis process-
ing. More recently, Δ10-THC was identified 
from California-grown cannabis biomass 
contaminated by fire retardants (4). Be-
cause there are so many structurally re-
lated cannabinoids produced naturally 
and synthetically during production, the 
actual identities and quantities are often 
combined with other unidentified phyto-
cannabinoid and terpene distillates. Being 
able to identify these two positional iso-
mers of THC is therefore of importance. A 
recent application note began to explore 
the separations of these molecules; this 
work continues to build upon that (5).

CBL, while a naturally occurring can-
nabinoid, is typically not found in very 
high levels in newly harvested sources. 
One pathway for its formation is via the 
ultraviolet (UV)-promoted decay of can-
nabichromene (CBC) (6), so storage of 
cannabis typically results in higher levels 
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of CBL over time (Figure 4). Another is 
the conversion of cannabichromene acid 
(CBCA) to cannabicyclolic acid (CBLA), 
followed by the decarboxylation to CBL 
(7). While CBL is not a newly document-
ed cannabinoid, its health benefits or det-
riments have not been fully studied, and 
quantifying its levels in a product could 
help judge the relative age and composi-
tion of the product.

Experimental
Experiments were performed using an 
Agilent 1200, equipped with a diode 
array-ultraviolet (DAD-UV) detector 
and quaternary mixing pump. Cannabi-
noid samples were provided by Cayman 
Chemical as solutions of 1 mg/mL in 
acetonitrile, and used as is without 
further dilution. All solvents used were 
HPLC grade or higher, and used as is. 

Specifically, the hexane used contained 
95% n-hexane; the ethanol was reagent 
alcohol (denatured), which contains 90% 
ethanol, 5% methanol, and 5% isopropa-
nol. See Tables I–III for more details. 

Results and Discussion
The Separation  
of Δ6- and Δ10-THC
Because the pairs of cannabinoids are 
diastereomeric with each other, it was 

Figure 1: (6aR,9S)-Δ10-THC (left) and (6aR,9R)-Δ10-THC (right).
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Figure 2: 9(S)-Δ6a,10a-THC (left) and 9(R)-Δ6a,10a-THC (right). 
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not a surprise to find a resolution from 
each other, that is, Δ6-THC resolved well 
from Δ10-THC. The ultimate test was 
finding proper conditions for the sepa-
ration of all four isomers of the mixtures 
(a diastereomer pair and an enantiomer 
pair), while avoiding any coelution. 
CHIRALPAK IG and CHIRALPAK IB N 
excelled in this regard, providing baseline 
resolutions for the mixture.

CHIRALPAK IB N-3, utilizing a nor-
mal phase mobile phase consistent of 
90:10 hexane-isopropanol (Hex-IPA), 
provided baseline resolution for the 
four isomers, which include (6aR,9S)-
Δ10-THC, (6aR,9R)-Δ10-THC, 9(S)-Δ6a,10a-
THC, and 9(R)-Δ6a,10a-THC (Figure 5). 
The elution order in this case is such 
that 9(R)-Δ6a,10a-THC is first, (6aR,9R)-
Δ10-THC is second, 9(S)-Δ6a,10a-THC is 
third, and (6aR,9S)-Δ10-THC is fourth. 
While hexane-ethanol (Hex-EtOH) did 
provide good resolution of the individ-
ual enantiomer pairs, there was partial 
coelution of two diastereomers, so for 
this method information was excluded 
for this application.

CHIRALPAK IG-3, utilizing both nor-
mal phase combinations of 95:5 Hex-
EtOH and 90:10 Hex-IPA, provided base-
line resolutions for all four isomers as 
well. When compared to CHIRALPAK IB 
N-3, there was a difference in elution or-
der observed, where the isomers of Δ6-
THC elute first and Δ10 elute second. The 
elution order therefore stands as 9(R)-
Δ6a,10a-THC first, 9(S)-Δ6a,10a-THC second, 
(6aR,9R)-Δ10-THC third, and (6aR,9S)-Δ10-
THC fourth. This was the case for both 
mobile phase combinations (Figures 7 
and 8 see online version).

The Separation of Cannabicyclol
Although the Δ6- and Δ10-THC enantio-
mers were well resolved on IB N-3 and 
IG-3, the investigation for the separation 
of (+/-) cannabicyclol was expanded to 
include CHIRALPAK IA-3 and IC-3, which 
compose the core screening set of immo-
bilized columns offered by Daicel.

Table I: Chromatographic conditions for the separation of Δ6-THC and  
Δ10-THC with cannabicyclol

Column CHIRALPAK IB N-3  
(250 mm x 4.6 mm i.d.) 

CHIRALPAK IG-3 
(250 mm x 4.6 mm i.d.) 

CHIRALPAK IG-3 
(250 mm x 4.6 mm i.d.) 

Mobile 
phase

90:10 Hex-IPA 90:10 Hex-IPA 95:5 Hex-EtOH

Flow rate 1.0 mL/min

Detection 230 nm ref. 450 nm

Tempera-
ture

30 °C

Sample All isomers received as 1.0 mg/mL solution in ACN from Cayman Chemical; 
solutions mixed in equal volumes to yield stocks of 2 or 4 compounds.

Injection 
volume

5 µL

Table II: Chromatographic conditions for the separation of cannabicyclol
Column CHIRALPAK IA-3 

(150 mm x  
4.6 mm i.d.) 

CHIRALPAK IB 
N-3 (150 mm x 

4.6 mm i.d.) 

CHIRALPAK IC-3 
(150 mm x  

4.6 mm i.d.) 

CHIRALPAK IG-3 
(150 mm x  

4.6 mm i.d.) 

Mobile 
phase 90:10 Hex-IPA 

90:10 Hex-EtOH
90:10 Hex-IPA 

90:10 Hex-EtOH
95:5 Hex-IPA 

98:2 Hex-EtOH
90:10 Hex-IPA 

90:10 Hex-EtOH

Flow rate 1.0 mL/min

Detection 230 nm ref. 450 nm

Temperature 30 °C

Sample 1.0 mg/mL in ACN

Injection 
volume

5 µL

Figure 3: (+/-) Cannabicyclol.
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O

Figure 4: UV-induced photocyclization of (+/-) cannabichromene (left) to (+/-) 
cannabicyclol (right). 
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As shown in Figures 9 and 10 (on-
line) the enantiomers of cannabicyclol are 
well resolved on all four columns, howev-
er there is a pronounced, and unexpect-
ed dependency of the peak shape based 
on mobile phase and column combina-
tion. Because the interactions that take 
place on column are complex and difficult 
to predict, it is not entirely known why 
this is observed, however hydrogen-bond-
ing interactions between the analyte and 
chiral stationary phase could be a possi-
ble explanation. Notably, CHIRALPAK 
IG and IA yielded very good peak shape 
(symmetrical with minimal tailing) un-
der Hex-EtOH conditions, whereas Hex-
IPA resulted in a significant retention of 
peak 2, in addition to a considerable dete-
rioration of peak shape. This finding pro-
vides for great flexibility in the analysis of 
this compound.

The Separation of Cannabicyclol 
from Cannabichromene
As previously stated, cannabicyclol is not 
a naturally occurring cannabinoid in that 
it forms from the UV photocyclization of 
cannabichromene or CBCA. Therefore, the 
separation of these compounds from each 

other could assist in distinguishing or verify-
ing new versus aged cannabis products.

Based on the selectivity and peak shape 
of the separation of cannabicyclol, CHI-
RALPAK IB N-3 was chosen to explore this 
separation. Cannabicyclol and cannabi-
chromene were mixed and run under 90:10 

Table III: Chromatographic conditions for the separation of cannabicyclol 
 and cannabichromene

Column CHIRALPAK IB N-3  
(250 mm x 4.6 mm i.d.) 

CHIRALPAK IB N-3 
(250 mm x 4.6 mm i.d.) 

Mobile phase 96:4 Hex-IPA 
95:5 Hex-IPA

97:3 Hex-EtOH 
96:4 Hex-EtOH

Flow rate 1.0 mL/min

Detection 230 nm ref. 450 nm

Temperature 35 °C

Sample All isomers received as 1.0 mg/mL solution in ACN from Cayman Chemi-
cal; solutions mixed in equal volumes to yield stock of 4 compounds.

Injection volume 2 µL
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Figure 5: CHIRALPAK IB N-3 separation of Δ6- and Δ10-THC with 90:10 Hex-IPA.
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Figure 6: CHIRALPAK IG-3 Separation of Δ6- and Δ10-THC from CBL with 95:5 
Hex-EtOH.

Hex-IPA and Hex-EtOH conditions, re-
sulting in minimal separation of the can-
nabichromene enantiomers, although 
baseline resolution from the enantiomers 
of cannabicyclol. Optimization was per-
formed between the ranges of 99:1 to 95:5 
for both Hex-IPA and Hex-EtOH condi-
tions, with a screen of temperature ranges 
from 15 °C to 35 °C to see what, if any, im-
provements could be achieved.

Figures 11 and 12 (online) show an 
overlay of selected conditions of 95:5 Hex-
EtOH and 95:5 Hex-IPA, respectively, at 

temperature points 15 °C, 20 °C, 25 °C, 
30 °C, and 35 °C. Although temperature 
did not appear to have a significant effect 
on the separation under Hex-EtOH con-
ditions, an increase in temperature ap-
pears to be a suitable way to assist in the 
peak shape improvement of the later elut-
ing second peak from cannabicyclol. This 
could be valuable for improving sensitivity 
and accurate quantification as a result of 
the decreased peak tailing, and therefore 
the reduction of possible coelution with 
other sample components.

Not surprisingly, there was a signifi-
cant impact on the separation when look-
ing from 99:1 to 95:5 Hex-alcohol mix-
tures. Figures 13 and 14 (online) show 
the separations at 35 °C under these vary-
ing mobile phase combinations. There ap-
pears to be a critical threshold between 
3–4% alcohol where, once passed, the sep-
aration deteriorates and is unrecogniza-
ble. Working within this constraint, the 
conditions of 96:4 and 95:5 Hex-IPA, and 
97:3 and 96:4 Hex-EtOH were chosen for 
final optimization. Under these condi-
tions, baseline separation and acceptable 
peak shape were achieved. Elution order 
is shown in Figures 15 and 16 (online).

The Separation of Δ6- and  
Δ10-THC from Cannabicyclol
The addition of CBL to the mixture con-
taining the four isomers of Δ6- and Δ10-
THC produced some coelution for the 
CHIRALPAK IB N-3 method, as well as 
the Hex-IPA 90:10 method on CHIRAL-
PAK IG-3. Therefore, for the purposes of 
this experiment, those conditions have 
been excluded. The Hex-EtOH 95:5 meth-
od on CHIRALPAK IG-3, however, pro-
duced baseline resolution of all six peaks 
without any additional optimization 
required (Figure 6). As the standards for 
the individual (+) and (-) cannabicyclol 
enantiomers are not currently available, 
elution order could not be determined at 
the time of this publication, however one 
enantiomer elutes between the two peaks 
from Δ6-THC, and the second elutes after 
the final peak from Δ10-THC.

Conclusions
The separation of Δ6- and Δ10-THC from 
each other, the separation of the individual 
enantiomer pairs of each Δ6- and Δ10-THC, 
as well as the separation of the enantio-
mers of CBL from each other, and from the 
enantiomers of CBC, has been demonstrat-
ed. These new analytical methods could 
serve to assist in the determination of 
several important parameters of commer-
cially available cannabis products including 
content, age, and source or processing 
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conditions. Several methods with different 
columns and mobile phases give users the 
flexibility to adapt them to the specific 
applications they are facing, and room for 
additional optimization if needed.

Disclaimer
As a responsible provider of quality products 
and services, Daicel Chiral Technologies 
makes available analytical techniques that 
may be of use to a broad range of custom-
ers and applications. It does not however 
support or promote the use of its products or 
services in connection with any contraband 
activities or products related to cannabis, in-
cluding but not limited to illegal or illicit drug 
manufacturing, testing, or consumption.
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WHEN IT COMES to plant nutrition, canna-
bis growers can’t afford to guess. Nutrient 
deficiencies can result in decreased yields 
and sick plants, while excess fertilizer can 

cause nutrient lockout, increased pest problems, and higher 
production costs. A nutrient monitoring program is one way 
to ensure the health and productivity of a crop while avoiding 
the over application of fertilizers.

For decades, growers have used leaf tissue analysis to mon-
itor nutrient uptake in their crops. The problem with this 
method is that when we study leaf tissue samples, we are 
looking at the past. Deficiencies or toxicities can take weeks 
to manifest themselves in the plant, and once the problem is 
recognized and tissue samples are sent off to the laboratory, 
it’s often too late. 

Plant sap analysis solves this problem. Plant sap is the fluid 
that carries minerals and metabolites throughout the xylem 
and phloem of the plant. Extracting and analyzing this sap 
can help growers make real-time decisions that lower their 
production costs and improve crop quality.    

Why Dry Tissue Analysis Isn’t Enough
Traditional leaf tissue analysis is a laboratory determination of 
the elements present within the leaf of a plant. Growers typically 

remove a small sample of leaves and ship them to a laboratory 
where they are pulverized, dehydrated, and reduced to ash. What 
remains are the elements that were once present in the leaf. The 
laboratory generates a report of these elements and compares 
those values to optimal nutrient ranges for plant growth. This 
data can help inform a grower’s decision to increase or decrease 
fertilizer applications or change the nutrient recipe. 

There are several shortcomings to dry leaf tissue analysis. 
The report generated by the laboratory is a snapshot of the 
past. If a leaf tissue sample is tested due to a suspected nu-
trient problem, it means that symptoms are present in the 
crop, and some degree of economic loss has already occurred. 
Studying dried leaf tissue is akin to performing a postmor-
tem examination on the crop. The best a grower can do is 
prevent it from happening again in the future. With a crop 
as valuable as cannabis, growers can’t afford to suffer losses 
and wait until next time. A compromised yield can equate to 
thousands of dollars in lost revenue. 

But most of the shortcomings with dry tissue analysis lie 
in what the process is actually testing. According to Scott 
Wall, CEO of New Age Laboratories (1) in South Haven, 
Michigan, dry tissue analysis does not differentiate between 
the elemental ions available in liquid form and those that 
have been committed to the cellular structure of the leaf.

For decades, growers have used leaf tissue analysis to monitor nutrient uptake in their 
crops. The problem with this monitoring technique is that when we study leaf tissue 

samples, we are looking at the past. Deficiencies or toxicities can take weeks to manifest 
themselves in the plant, and once the problem is recognized and tissue samples are sent 

off to the laboratory, it’s often too late. Plant sap analysis solves this problem. Plant sap is 
the fluid that carries minerals and metabolites throughout the xylem and phloem of the 

plant. This article explores how extracting and analyzing this sap can help growers make 
real-time decisions that lower their production costs and improve crop quality.

The Future of 
Nutrient Monitoring:  
How Plant Sap Analysis Can Help You 

Cultivate Healthier Plants for Less 
RYAN DOUGLAS
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His company provides sap analysis services for cannabis 
growers, and they’re one of the foremost authorities on the ex-
traction and analysis of plant sap. “Elements laid down to cre-
ate the brick and mortar of the cells are no longer available 
to the plant,” said Wall. “The key to real-time nutrient man-
agement lies in analyzing nutrients that are actively flowing 
throughout the plant.”

What’s more, elemental content doesn’t tell the whole story. 
Wall believes that by analyzing additional parameters such as 
electrical conductivity (EC), nitrogen composition, and Brix 
levels, sap analysis can provide a more comprehensive over-
view of plant health and unlock data that can help growers 
make crop steering decisions long before any damage occurs. 

New Age Laboratories studies the EC of plant sap to better 
understand how the plant is taking up nutrients and whether 
the crop is being over or underfed. A high EC value indicates 
that the plant is taking up too many nutrients, whereas a low 
EC is more common when growers are flushing, overwatering, 
or underfeeding their crop. 

Wall’s laboratory also analyzes nitrogen composition in 
plant sap to help manage pest pressure in cannabis crops. 
Since aphids, thrips, and spider mites have simple digestive 
tracts that cannot process complex sugars or proteins, when 
they pierce a plant and suck out the sap, they’re after nitrates 
and ammonium. “Ideally, growers want 80–90% of the ni-
trate and ammonium that they’ve fed their crop to convert 
over to complex proteins within 24 hours,” said Wall. “Af-
ter that time, if a crop has a high percentage of total nitrogen 
remaining in nitrate and ammonium, it’s an indication that 
photosynthesis has been compromised and that the crop may 
be more susceptible to sap-sucking pests.”  

Wall believes that Brix analysis holds tremendous poten-
tial for steering crop production towards qualities such as 
cannabinoid content, terpene profile, and smokability. Brix 
analysis is an indicator of total dissolved solids (TDS) in 
plant sap, with a particular emphasis on sugars and second-
ary metabolites. By studying the correlation of these compo-
nents to potency and tetrahydrocannabinol (THC) produc-
tion, he believes that growers will soon be able to guide crop 
decisions with a level of sophistication not available today. 

How Is Sap Analysis Done?
Each laboratory has its proprietary methods for extracting 
and analyzing plant sap. For this reason, growers should not 
expect to send identical samples to different laboratories and 
receive the same results. 

New Age Laboratories offers cannabis growers two types 
of sap analysis: translocative and comparative.

Translocative sap analysis interprets what’s in the soil 
and what is moving upwards through the plant’s xylem 

10 STEPS TO SAP ANALYSIS SUCCESS
• For each variety, sample once during vegetative 

growth and every two weeks during flower. 
• Take samples at the same time of day throughout  

the crop cycle.
• Select only fully formed leaves with the leaflets 

and petiole intact.
• Collect 80 g of fresh leaf for each sample  

(about 20–30 leaves).
• Ensure a minimum distance of at least 24-in. 

between new and old growth samples.
• Pair leaf samples with either nutrient solution,  

soil, or leachate tests.
• Place leaves into a vacuum-sealed bag, or Ziplock-

type sandwich bag with the air pressed out.
• Include a cool pack to keep the leaves fresh.
• Manifest shipping materials as hemp and include  

a photocopy of your cultivation license.
• Ship next day air using the United States  

Postal Service.

https://www.dynamicaqs.com
https://www.dynamicaqs.com
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into the new tissue. By studying translocative sap, a grower 
can determine whether uptake is sufficient when compared 
to optimal levels. 

Comparative sap analysis examines the difference in sap be-
tween new and old leaves to determine how the plant is utiliz-
ing mobile nutrients. The goal is for growers to see near equal 
readings in both new and old leaves.

New Age Laboratories recommends that growers pair these 
sap readings with soil, nutrient solution, or leachate tests to 
help provide a more comprehensive view of the behavior of the 
crop. New Age charges $87.50 for each test, and commercial 
growers that commit to a pre-paid membership receive a 20% 
discount plus complimentary interpretation of the test results.

While New Age Laboratories requires both the leaf and pet-
ioles for sap analysis, not all laboratories do. 

TPS Labs (2) in Edinburg, Texas, only extracts sap from 
the petiole. According to Joe Pedroza, Business Development 
Manager for TPS, their method offers cultivators savings in 
the form of shipping and logistics. 

“Our methodology doesn’t rely on exactly fresh samples,” 
explained Pedroza, “Other laboratories are using a method 
where, from the moment a sample is collected, the sample be-
gins to degrade.” 

TPS can extract plant sap from petioles that spend up to 
seven days in transit. By requiring just 30-40 petioles per 
sample, the grower packages less material, and they save 
money by avoiding next-day shipping costs. 

Like every laboratory that performs sap analysis, TPS uses 
its own proprietary sap extraction method and interpretation 
of the results. “Sometimes growers don’t realize that,” said Pe-
droza. “They’ll try one lab for a sample and a different lab for 
another sample, and they don’t get the continuity. So, the re-
sults aren’t really there, and sometimes that causes them to 
give up on plant sap testing.”

TPS Labs recommends that growers perform sap analysis 
testing every two weeks throughout the crop cycle. In addi-
tion, their hemp program combines soil and water testing at 

the outset of planting to provide a basis for nutrition man-
agement throughout the growing season. 

TPS charges $78 per sample analysis, accompanied by ad-
vice on how to interpret the information. “Our main function 
is not just to provide results or data,” Pedroza clarified, “but to 
instruct the growers and provide recommendations and guide-
lines so that they can use that information and really maximize 
their profitability and maximize their potential.”

Challenges
Despite the benefits of studying plant sap, several obstacles 
prevent it from becoming part of every commercial grower’s 
toolkit. Here are five of the main reasons why. 

1 Growers don’t know that  
sap analysis exists. 

Although plant sap analysis has been around for decades, its 
use among commercial cannabis growers is practically nonex-
istent. Most cultivators use TDS instruments, EC meters, and 
pH pens to measure fertilizer, but few regularly utilize labora-
tories to test substrate or nutrient solutions. Since plant sap 
analysis has yet to enter the lexicon of commercial cannabis 
cultivation, most growers are unaware that it’s even an option.

2 Sap analysis is not a typical service 
offering from agricultural laboratories.

Mechanically, it can be difficult for laboratories to deal with plant 
sap. Removing liquid that is just in the vascular tissue of a leaf 
and leaving everything else behind is not easy. Once an extraction 
technique is established, there is a matrix of lipids, sugars, and 
complex metabolites that can clog up testing instruments. Slight 
changes in pH can deposit materials inside equipment, and most 
laboratories don’t want to deal with these challenges. 

3 Most laboratories won’t work  
with cannabis.

Cannabis—as always—adds to the complexity of this issue. 
Many agronomic laboratories don’t know how to deal with 
cannabis; they are unsure if they can legally handle it, and 
there is confusion over how to process payments. It’s safer 
for them not to deal with it at all, which has resulted in very 
few laboratories offering sap analysis services to cannabis and 
hemp growers. 

4 Cannabis growers regularly strip  
old-growth tissue from their plants. 

To increase airflow and improve light penetration, cannabis 
cultivators regularly strip fan leaves off their crops. Most 
plants exceed the minimum 24-in. vertical distance required 
for new and old tissue samples, but growers implementing a Im
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high-density “sea of green” program with lots of short plants 
may find comparative sap analysis impossible. 

5 Most cannabis fertilizers don’t  
allow for incremental adjustments  
of individual elements.

If a sap analysis indicates that a grower needs to increase a par-
ticular nutrient in their fertilizer, concentrated A and B formu-
las won’t allow them to do so without increasing other nutrients 
at the same time. This overage results in wasting additional 
fertilizer that the plant doesn’t need. Mixing individual fertilizer 
salts is the norm for commercial flower and vegetable growers, 
but it’s not yet common among cannabis cultivators. 

Shipping
Growers should take great care when shipping cannabis leaves to 
a laboratory. Tissue samples should consist of fan leaves or pet-
ioles but never buds or flowers. Cannabis leaves containing .3% 
or less THC per dry weight are by federal definition considered 
hemp, and since fresh leaves are mostly water, cannabis tissue 
THC levels should fall well below this number. Furthermore, 

federal regulations only specify THC, and in fresh plant materi-
al, the molecule exists as tetrahydrocannabinolic acid (THCA).  

Shipments should be manifested as hemp, with a photocopy 
of the grower’s cultivation license in the package. The 2018 US 
Farm bill states that the United States Postal Service (USPS) is 
the only company approved to ship hemp within the US. 

Joe Pedroza of TPS Labs said that odor is the leading cause of 
intercepted samples, so his laboratory has devised a unique ser-
vice to aid in the transit of leaf material. To help ensure the safe 
delivery of leaf tissue samples, TPS provides their customers 
with special odor-proof mylar bag packaging, in addition to ox-
ygen and moisture packets, to help keep the leaves fresh in tran-
sit. Pedroza insists that clients only use USPS to avoid delays.

Rapid Test Kits
Growers hesitant to ship cannabis leaves or commit to a lengthy 
relationship with a laboratory can still benefit from sap analysis 
insights by using rapid field test kits. 

Horiba Scientific (3) makes a line of LAQUA sap analyzers they 
market as a “lab in your pocket.” Four different meters test for nitrate, 
potassium, sodium, and calcium, and they sell for about $400 each.

Homogenizers

Top rated homogenizer for sample preparation. 

Consistently providing uniformity and quality

for testing and production.

 

Over 25 years of experience offering precision homogenizers.

www.proscientific.com

https://www.proscientific.com
https://www.proscientific.com
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Horiba’s meters are available through 
laboratory equipment suppliers online, and 
many are glad to see traditional agricultur-
al technology crossing over to the cannabis 
industry. “Sap analysis has been around a 
long time,” says Julie Pike of Pike Agri-Lab 
Supplies in Jay, Maine. “It’s just new to can-
nabis growers.” Her company sells all four 
meters, as well as those for Brix, pH, and 
EC. They also sell sap presses (4). 

Although her company ships worldwide, 
they can’t help growers interpret their test 
results due to varying cannabis regulations 
in each country. Because there is no public-
ly available database for sap analysis, grow-
ers that choose this path are often left on 
their own to interpret the results.

A Grower’s Perspective 
The lack of public information on how to 
interpret plant sap shouldn’t stop growers 
from exploring in-house testing, says Jose 
“Pepe” Calderon, an experienced commer-
cial grower and consultant based in Salinas, 
California. He has used plant sap analysis 
to help manage nutrition for everything 
from hydroponic tomatoes to cannabis. 

With vegetable crops, Calderon was 
able to substantially reduce fertilizer use 
by combining plant sap analysis with lea-
chate drain tests. “We had very little po-
tassium in the drain, but inside the plant, 
we had enough potassium to survive,” he 
said. Typically, growers increase fertiliz-
er if a particular nutrient is low in the lea-
chate, but not Calderon. “We decreased 
potassium up to 50% in the recipe, and 
still the numbers in the sap analysis 
were good, and the plant didn’t show any 
symptoms for lack of potassium.”

Although he has relied on profession-
al laboratories to analyze fruit and vegeta-
ble crops, Calderon has had difficulty find-
ing laboratories that work with cannabis. To 
solve this problem, he started using Horiba’s 
LAQUA meters to build his own database 
for interpreting at-home cannabis sap tests. 

According to Calderon, consistency is 
crucial. For greenhouse crops, he always 

samples at 10 am and takes the young-
est leaves around 20 cm from the top 
of the plant and the oldest leaves from 
the base. If it’s cloudy, he won’t take the 
sample, and he avoids spray applications 
to the crop for 24 hours before testing. 
For a typical cannabis crop, he tests once 
during the vegetative growth cycle and 
again at weeks one, four, and seven of 
flowering. Calderon utilizes both the leaf 
and petiole for his samples, and he built 
a press for extracting the sap.  

Calderon noted that the Horiba me-
ters must be calibrated often and warns 
that the results are not interchangeable 
with those from a professional labora-
tory. He has found a difference of up to 
35% when comparing the results of Hori-
ba’s meters with those from a profession-
al laboratory for the same sample. 

Although Calderon still has a lot of work 
ahead of him to create a functioning data-
base for cannabis, he remains optimistic 
about sap analysis and its utility for grow-
ers. “It’s the future of farming,” he said.

Conclusion
Growers who want to increase the 
accuracy and cost-effectiveness of their 
feeding program should incorporate 
sap analysis into their cultivation plan. 
The key to success lies in identifying a 
laboratory that works with cannabis, 
being cautious about how the samples 
are shipped, and working closely with the 
laboratory to help interpret the results. 
The future of nutrient monitoring is sap 
analysis, and growers that adopt this 
practice today will become the industry 
leaders of tomorrow. 
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Discover the best grinders for cannabis 
and edibles sample preparation
THE FREEZER/MILL IS a powerful, programmable, cryogenic laboratory 
mill.  It cools cannabis samples to cryogenic temperatures, then pulverizes 
them by magnetically shutting a steel impactor back 
and forth against two stationary end plugs. Our 
mill can process all types of cannabis plant tissue 
and edible products. We have a Freezer/Mill for 
different levels of sample throughput up 200 grams. 
Applications include THC extraction, DNA/RNA 
extraction, pesticide residue extraction, potency 
testing, terpene profiling, pesticide screening, 
residual solvents, and heavy metals

ANALYTICAL TESTING LAB SPOTLIGHT

SPEX 
732-623-0465 
sampleprep@antylia.com 
www.spexsampleprep.com
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Cannabis Profiling
Automated classification and confident identification of 
terpenes and terpenoids is one of the benefits of using 
our "Cannabis profiling" product package to analyze 
complex extracts in this emerging field.

THE CHALLENGE
•  Complex profiles lead to co-elutions using 1D GC 

separation, causing abundances of important 
components to be overestimated.

•  The structural similarity of many terpenes and 
terpenoids makes them difficult to identify with 
confidence.

•  Low confidence in data quality hinders product 
development.

THE SOLUTION
•  INSIGHT® GC×GC flow modulation resolves co-elutions 

between terpenes and terpenoids.
•  BenchTOF™ mass spectrometers provide reliable 

identification of terpenes and other aroma-active 
compounds (such as esters).

•  Tandem Ionisation® for BenchTOF™ simultaneously 
acquires both "soft EI" and regular 70 eV mass 
spectra, for another dimension of information about 
challenging compounds, such as isomers.

•  ChromCompare+™ software provides fully automated 
sample comparisons for easy visualisation of trends 
and differences across cannabis strains.

THE BENEFITS
•  Enhanced confidence: Robust quantitation provides 

improved precision in terpene profiling.
•  More analyte detail: Additional information about 

isomeric terpenes allows a better understanding of the 
product’s composition.

•  Competitive advantage: Improved flavour interpretation 
enables innovative product labeling strategies.

ANALYTICAL INSTRUMENTS

SEPSOLVE ANALYTICAL
4 Swan Court, Cygnet Park, Peterborough, 
PE7 8GX, UK +44 (0) 1733 669222 
chem.sepsolve.com/cannabis 

The CenturionPro Mini Buckers

EXPANDING ON 
CENTURIONPRO’S vision 
to develop a superior bucker 
for every harvest, the Mini 
Buckers are powerful yet 
affordable solutions to 
streamline small to medium sized 
operations. Inspired by the best selling 
GC1 and HP1 Bucking Machines, the Mini 
Buckers have the ability to process both 
wet and dry product. They also benefit 
from the same brand-name parts and 
exceptional construction as their predecessors, but scaled 
down for enhanced portability and affordability. The GCM 
and HPM, starting at just $3695 and $8495, respectively, 
are the industry’s most cost-efficient bucking machines. 
Now available for sale through hydroponic retailers and 
e-commerce retailers nationwide.

CULTIVATION/GROWING SPOTLIGHT

CENTURIONPRO
11476 Kingston Ave, Maple Ridge, 
BC, V2X 0Y5, Canada
www.cprosolutions.com 

Nano-Emulsion Particle  
Size Characterization
Nano-emulsion sizing is a key 
QC attribute for flavored oil 
emulsions including cannabinoid 
based products. Beckman Coulter 
Life Sciences LS 13 320 XR laser 
diffraction particle size analysis 
system with the Universal Liquids 
Module (ULM) is a solution that can provide nano-
emulsion particle size analysis utilizing laser diffraction 
with a patented PIDS detection system that allows deep 
submicron (<40 nm) determinations.
• Particle sizing: 10 nm–2000 μm (wet), 0.4 μm  
to 3500 μm (Dry)
•  Auto-modal Solution, No A Priori model solution  
required for algorithm

• Automated operation, 15-60 second run times
Contact us to speak with a representative. 

ANALYTICAL INSTRUMENTS

BECKMAN COULTER LIFE SCIENCES 
800-742-2345 
Cannabis Science Conference East Exhibitor: Booth #418
www.beckman.com/contact-us 

http://www.cprosolutions.com
http://www.beckman.com/contact-us
http://www.cprosolutions.com
http://www.beckman.com/
http://www.chem.sepsolve.com/cannabis
http://www.chem.sepsolve.com/
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Microwave Digestion and Trace Metals Analysis 
of Mixed Cannabis and Hemp Products 

S A M U E L  H E C K L E  A N D  L E A N N E  A N D E R S O N ,  C E M

CERTAIN HEAVY METALS CAN cause  
adverse effects on human health. Toxic 
heavy metals such as arsenic, cadmium, 
lead, and mercury are persistent once re-
leased into the environment and can accu-
mulate in cannabis plants. Since hemp is a 
strain of cannabis that contains very little 
THC, it is susceptible to bioaccumulation of 
heavy metals like its THC containing coun-
terparts. Cannabis-based products such as 
foods, oils, tinctures, and lotions should be 
tested for the presence of heavy metals to 

ensure consumer safety and product qual-
ity. Cannabis and CBD infused products 
have grown in popularity in states that allow 
medicinal and recreational use of cannabis 
and hemp. This application note details the 
digestion and analysis of various forms of 
hemp and cannabis products for determi-
nation of trace metals content.

INSTRUMENTATION
A CEM MARS™ 6 microwave digestion 
system was used to digest varied can-
nabis and hemp sample types. The  
MARSXpress™ Plus vessels uses a vent and 
reseal design, which allows for acid vapors 
to be exhausted while maintaining the sam-
ple integrity and elements within the vessel. 
The 110 mL vessel volume provides for a 
larger headspace, allowing a larger sample 
size for a more homogenous sample. The 

MARSXpress Plus vessel design uses only 
three pieces that are easily assembled and 
placed in a 24-position turntable, prior to 
placing into the MARS 6 system. 

All samples were analyzed by ICP-MS on 
a Shimadzu ICPMS-2030.

PROCEDURE AND METHODPROCEDURE AND METHOD
A variety of 11 hemp and hemp containing 
samples were obtained from local retailers. 
Samples ranged from edibles to lotions to 
plant material. Solid samples required mini-
mal particle size reduction in order to obtain 
a representative sample. Liquid and semi- 
liquid samples were digested as received.

A 0.5 g sample was weighed into a 
MARSXpress Plus vessel taking care to 
deposit the entire sample onto the bottom 
of the vessel. A combination of 9 mL HNO3 
and 1 mL HCl was added to each vessel 

In 1970, marijuana was designated a Schedule 1 drug, under the Controlled Substances Act, making it nearly impossible for laboratories to perform cannabis 
research. However, medicinal use of cannabis is now legal in Canada and 37 US states plus the District of Columbia, with more joining every year. With the 
passage of the Farm Bill in 2018, it is now federally legal to grow and process hemp in all 50 states. All of this interest in medical cannabis and CBD has 
highlighted the need for good analysis methodology in this relatively young market. Cannabis analysis is still developing standardized protocols, requirements, 
and acceptable testing practices. Typical testing requirements for cannabis and its products include heavy metal analysis, pesticide residue, and the potency 
of active ingredients such as tetrahydrocannabinol (THC). The terpene content of cannabis is also important. Terpenes have been shown to have beneficial 
uses for treatment of conditions ranging from cancer and inflammation to anxiety and sleeplessness. It is believed that the combination of terpenes and 
cannabinoids in cannabis produce a synergistic effect with regards to medical benefits, further elevating its popularity worldwide.

FIGURE 1: Samples selected for 
digestion and analysis.

TABLE II: Spike recovery results

    7 5A s 1 1 1C d 2 0 0H g 2 0 8P b

Blank Mean value n.d. n.d. n.d. n.d.

RSD (n = 3) --- --- --- ---

Fortified blank Mean value 5.23 5.23 5.1 5.08

RSD (n = 3) 2.03 0.76 3.57 1.59

Recovery (%) 105 105 102 102

Hard candy Mean value n.d. n.d. n.d. 0.0116

RSD (n = 3) --- --- --- 1.79

Fortified hard candy Mean value 5.12 4.92 5.05 5.13

RSD (n = 3) 3.51 1.68 0.19 1.74

Recovery (%)   102 98 101 102

Granola bar Mean value n.d. 0.125 n.d. 0.0186

RSD (n = 3) --- 1.63 --- 3.02

Fortified granola bar Mean value 4.55 5.07 5.09 5.06

RSD (n = 3) 13.53 1.61 1.58 1.15

Recovery (%) 91 99 102 101

TABLE I: Shimadzu ICPMS-2030 
operational conditions

PARAMETER SETTING

Radio freq. power 1.20 kW

Sampling depth 5.0 mm

Plasma gas 8.0 L/min

Auxiliary gas 1.10 L/min

Carrier gas 0.70 L/min

Mix gas 0.00 L/min

Cell gas 6.0 mL/min

Cell voltage -21 V

Energy filter 7.0 V

Chamber temp. 5 °C



before the vessels were sealed and placed 
into the microwave. Using the prepro-
grammed Cannabis One Touch Method, the 
samples were digested at 210 °C for a total 
run time of 45 min including a 20 min ramp 
to temperature, a 15 min hold at 210 °C, and 
a 10 min cool down. Upon completion of the 
run samples were diluted to 50 mL with DI 
H2O. All samples were run in duplicate with 
duplicate blanks.

A second batch of samples was run iden-
tically to the first except for the addition 
of a spike solution containing 5 ppb Pb, As, 
Cd, and Hg to all samples, duplicates, and 
blanks. FIGURE 1 shows the 11 samples ana-
lyzed in this study.

All samples were analyzed on a Shimadzu 
ICPMS-2330 to determine spike recoveries 
and actual sample content of the “big four” 
heavy metals of As, Cd, Hg, and Pb. Instru-
ment conditions are shown in TABLE I.

RESULTS AND DISCUSSION
The MARS 6, with MARSXpress Plus vessels 
was able to successfully digest all 24 sam-
ples and blanks in a single batch. All of the 
samples were completely digested, yield-
ing clear and particulate-free solutions 
upon dilution with deionized water. The 
MARS 6 is an ideal digestion system for the 
cannabis industry because it is able to suc-
cessfully digest batches of mixed materi-
als, including foods, oils, tinctures, creams, 
and plant materials, in as little as 45 min.

The clear and particulate-free diges-
tate solutions that were analyzed by 
ICP-MS showed excellent spike recovery 
and RSDs, as shown in TABLE II, indicat-
ing complete matrix decomposition by 
microwave digestion.

CONCLUSIONS
The MARS 6 with MARSXpress Plus vessels 
was able to digest a wide variety of canna-
bis and hemp samples in mixed batches 
producing digestate that was suitable for 
analysis. Analysis of all samples showed 
excellent spike recovery and repeatability. 
Labs faced with a large number of samples 
will be able to confidently digest a mixed 
batch of samples in under 1 h.

TABLE II (continued): Spike recovery results
7 5A s 1 1 1C d 2 0 0H g 2 0 8P b

MCT oil Mean value n.d. n.d. n.d. n.d.

RSD (n = 3) --- --- --- ---

Fortified MCT oil Mean value 5.39 5.04 5.13 4.94

RSD (n = 3) 1.36 1.54 1.24 1.89

Recovery (%)   108 101 103 99

Ghee Mean value n.d. n.d. n.d. n.d.

RSD (n = 3) --- --- --- ---

Fortified ghee Mean value 5.46 5.05 5.15 5

RSD (n = 3) 3.8 2.01 1.19 1.73

Recovery (%)   109 101 103 100

Hemp oil Mean value n.d. n.d. n.d. 0.0723

RSD (n = 3) --- --- --- 1.6

Fortified hemp oil Mean value 5.27 5.18 5.2 5.09

RSD (n = 3) 11.91 1.53 2.1 1.5

Recovery (%)   105 104 104 100

Lotion Mean value n.d. n.d. n.d. n.d.

RSD (n = 3) --- --- --- ---

Fortified lotion Mean value 4.96 5.09 5.16 5.03

RSD (n = 3) 11.08 1.21 3.12 2.62

Recovery (%) 99 102 103 101

Froggy Mean value n.d. n.d. n.d. 0.0407

RSD (n = 3) --- --- --- 0.66

Fortified froggy Mean value 4.76 4.9 4.83 5.07

RSD (n = 3) 0.95 0.74 1.46 1.92

Recovery (%)   95 98 97 101

Hemp flower Mean value 0.0231 n.d. n.d. 0.163

RSD (n = 3) 6.07 --- --- 1.09

Fortified hemp flower Mean value 4.81 5.05 5.11 5.15

RSD (n = 3) 9.68 1.22 0.6 1.48

Recovery (%)   96 101 102 100

Beef jerky Mean value n.d. 0.0482 n.d. 0.057

RSD (n = 3) --- 0.77 --- 1.65

Fortified beef jerky Mean value 4.81 5.07 5.06 5.22

RSD (n = 3) 7.54 1.17 1.25 1.86

Recovery (%)   96 100 101 103

Peanut butter Mean value n.d. 0.111 n.d. 0.0511

RSD (n = 3) --- 3.92 --- 1.32

Fortified peanut butter Mean value 5.22 5.28 5.13 5.11

RSD (n = 3) 5.32 1.08 1.45 2.93

Recovery (%)   104 103 103 101

Conc. CBD oil Mean value n.d. n.d. n.d. 0.0662

RSD (n = 3) --- --- --- 0.78

Fortified Conc. CBD oil Mean value 5.41 5.17 4.93 5.05

RSD (n = 3) 10.43 0.7 2.03 2.74

Recovery (%)   108 103 99 100

C E M C O R P O R AT I O N  
3100 Smith Farm Road,  
Matthews, NC 28104 
Tel. (800) 726-331 
Website: www.cem.com

http://www.cem.com/
http://www.cem.com/
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• Automatic Pass/Fail control setup 
for immediate QC display
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CBD Nano-emulsions: convenient format for dosing edibles/beverages
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