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End of Year Reflections

WITH THE YEAR'S end creeping up on us and holiday festiv-
ities spurring kindness and cheer, it’s a great time to gather 
with family and friends and reflect on the great moments this 
year brought us as well as some of the challenges. The canna-
bis industry was no stranger to good and bad moments this 
year—from increased legalization and bills to help those in 
need to challenges in regulations and testing guidelines, the 
industry was rife with change. 

In our November/December issue, readers have the chance to 
dig in on some of these important topics that might spur even 
more change in 2022. This month’s “Cannabis Analysis” column 
digs into how the pharmaceutical industry has better testing 
structures and capabilities than the cannabis industry, which 
allows for fewer mislabeling problems. In “Navigating the Laby-
rinth,” we explore gas chromatography on a deeper level to in-
crease understanding. Readers can learn various efficiency con-
cepts and how to use those methods to develop circular cannabis 
systems in this month's “Cultivation Classroom” column. In “Can-
nabis Crossroads,” Rylie and Janie Maedler, accompanied by Dr. 
Reggie Gaudino, discuss the challenges of growing hemp for med-
ical grade cannabidiol (CBD) as well as their company Rylie’s Sun-
shine. Our peer-reviewed article in this issue delves into the phy-
tochemical composition of group III cannabis cultivars and how 
they are identified into novel sub-classes. 

Also in this issue, we have three feature articles. The first ar-
ticle explores the effects of water and air movements in plants, 
and how it impacts their growing environments. In another piece, 
readers are able to divulge in if Carbon-14 testing can be used to 
determine the natural content of CBD products and ingredients to 
authenticate their true contents. And, finally, our last feature ar-
ticle provides an overview of standard hydrocarbon extract filtra-
tion equipment and media. This issue also features a wonderful 
portfolio of Supplier Profiles where you can learn more about the 
various companies servicing the industry.

We hope that you enjoy our November/December 2021 Canna-
bis Science and Technology issue and look forward to seeing you 
in the new year. Stay safe and happy holidays!

Mike Hennessy, Jr
PRESIDENT AND CEO

 from the 
publisher
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cannabis analysis

The Need for In-House Testing: 
I Hate to Say I Told You So But…
By Brian C. Smith

Recently a batch of tincture bot-
tles in Oregon labeled as con-
taining cannabidiol (CBD) 
and no tetrahydrocannabi-

nol (THC) were found to get people 
high (1,2). Subsequent investigation 
showed that the bottles had been mis-
labeled and contained THC. A number 
of people have reported adverse af-
fects, and a lawsuit has been filed (2). 
This problem could have been avoid-
ed if proper in-house testing of fi-
nal products had been implemented. 
I will review how the pharmaceuti-
cal industry tests and avoids problems 
like this, and will call again for more 
and better regulation of this industry 
to save our customers from potential-
ly hazardous products.

Statement of the Problems
As some of you may know, my day job 
is as CEO and Chief Technical Officer 
of Big Sur Scientific, and my company 
makes a mid-infrared (IR) based can-
nabis analyzer (3). The company motto 
is “Cannabis is Medicine…Test it Like 
Medicine!” As I have also mentioned 
before, I almost gave this column 
series this name, and considering the 
headlines I have been reading lately, I 
wish I had.

Earlier this year some cannabis con-
sumers in the Pacific Northwest start-
ed experiencing strange symptoms af-
ter consuming what was labeled as a 
THC-free CBD tincture (1,2). Accord-
ing to one man these symptoms in-
cluded (2): “Not knowing where I 

was, if I was talking, my heart rate 
was north of 140 beats a minute and I 
thought I was dying.”

(Before you scoff at the idea that a 
little THC could cause such a horri-
ble reaction, hang on and read the next 
section on a similar experience I had.)

It turns out the Oregon company 
that manufactured the tinctures had 
mislabeled a batch of bottles as con-
taining CBD but no THC, when in fact 
the bottles did contain THC. Addition-
ally, the bottles containing CBD were 
mislabeled as containing THC. Thus, 
people expecting pain relief from CBD 
got high, while those expecting to get 
high experienced nothing because 
they got CBD and not THC. This mis-
take resulted in medical problems for 
a number of patients, and everyone 
was ripped off because they did not get 
what they paid for. The Oregon Liquor 
and Cannabis Commission, the state 
agency in Oregon tasked with regulat-
ing the cannabis industry, has issued 
a mandatory recall of the mislabeled 
bottles (1), but of course the damage 
has been done. What has surprised me 
is the lack of public outcry here. This 
has essentially been a local news story 
in Oregon and has received little cov-
erage in the national media. Where’s 
the outrage? Where is the concern for 
cannabis patient health?

Now let’s put the shoe on the oth-
er foot and think about how things 
would have gone down if this had hap-
pened in the pharmaceutical indus-
try. Imagine if the Dewey, Cheatham, 

and Howe pharmaceutical company 
had mistakenly added an ingredient to 
their aspirin tablets that made people 
nauseous and vomit. Once this became 
known it would be national news, the 
US Food and Drug Administration 
(FDA) would investigate, congression-
al hearings would follow, and certainly 
fines would be levied and people may 
even go to jail. The company responsi-
ble for the problems in Oregon is lucky 
they are getting off as easy as they are.

Now you might be thinking “Hah, 
such a problem could never happen 
in the cannabis industry” or “this is 
an isolated problem.” It’s not. In fact 
in an earlier report the same compa-
ny that mislabeled the tincture bot-
tles was fined $110,000 for “dishon-
est conduct” (5). The upshot is that 
they misrepresented what was in 
their vape products because appar-
ently the people formulating the vape 
pens on their own added ingredients 
to the formulation not found in the 
recipe, and did it without permission 
and without telling the proper people 
in management! 

THC and Me
Before you dismiss the man quoted 
above who had a negative experience 
with THC, let me tell you my own sto-
ry. Like many of my generation when I 
was in college, back in the days of yore 
when dinosaurs roamed the earth, I ex-
perimented with marijuana. However, I 
found the effects of THC disagreeable, 
and too often found myself curled up 
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in a fetal position under the couch with 
paranoid delusions. I haven’t touched 
the stuff since.

However, I am a big fan of the me-
dicinal properties of CBD, and take a 
dropperful of tincture on a daily ba-
sis for arthritis pain. Earlier this year I 
took some tincture but instead of pain 
relief I ended up in bed in a fetal po-
sition for 4 hours, with my head spin-
ning, wondering what was wrong with 
me, and thinking I might be dying . 
. . not unlike the gentlemen quoted 
above. After the effects wore off, I fig-
ured out there must have been THC in 
the tincture. I tell this story because 
some of you might think the experi-
ence detailed above wasn’t true. What 
many marijuana devotees may not re-
alize is that for those of us who do not 
regularly use THC, even a small dose 
can have a noticeable and unpleasant 
impact. Thus, I believe the gentlemen 
mentioned above, and understand 
 his outrage.

The Pharmaceutical 
Industry Testing  
Paradigm . . . Here We  
Go Again
How could these problems have been 
prevented? Simple, in-house testing. 
There exist mid-IR based tincture an-
alyzers that can measure the amounts 
of CBD and THC in tinctures quickly, 
easily, and accurately (4). By simply 
testing each day’s production with an 
appropriate representative sampling 
plan these mislabeled products could 
have been caught. Since the manufac-
turer didn’t catch the problem, they are 
not performing final product testing, 
aren’t doing it right, or aren’t doing 
it on a frequent enough basis. Why 
didn’t they have an effective and robust 
in-house testing program in place? 
Because no one forced them to.

How do we prevent problems 
like this going forward? At the mo-
ment, to the best of my knowledge, 

no regulatory agencies require canna-
bis businesses to perform regular in-
house testing. Instead, final products 
are sent to third party laboratories for 
analysis. The problem here is that the 
testing is not frequent enough. In the 
cases cited above, it is possible that 
only one batch or one day’s produc-
tion was bad, and if the law doesn’t re-
quire each batch or day’s production to 
be tested problems like these will con-
tinue to occur. We need a government 
regulatory body requiring the cradle-
to-grave testing that is required of 
medicine manufacturers—as is done in 
the pharmaceutical industry.

Multiple times in previous columns 
I have discussed the need for the can-
nabis industry to adopt the pharma-
ceutical industry testing paradigm 
(6-9), and have discussed what the in-
dustry needs to do to test correctly. 
To review:

1. �In-house testing must be per-
formed on each and every raw ma-
terial for identity and purity.

2. �After every manufacturing step 
every batch of material must be 
tested to make sure the correct 
product was produced. This is 
part of process control and  
quality control.

3. �Every batch of every final product 
needs to be tested to  
insure the right ingredients  
in the right amounts were added  
to the formulation.

4. �Every step of this process must 
have standard operating proce-
dures to make sure things are 
done correctly, and management 
oversight to sign off on each step 
to insure accountability.

And yes, this testing paradigm prob-
ably would have prevented the prob-
lems discussed above.

We Don’t Need  
No Stinking Testing!
I am shocked by the number of 
cannabis businesses I encounter 
who refuse to do in-house testing. 
Of course, the eternal excuse is 
that they can’t afford it. However, 
as I have pointed out in previous 
columns (6-9), in-house testing is 
not only the right thing to do, but 
the profitable thing to do. Catching 
problem products before they go out 
the door saves time, money, and law-
suits. In-house testing also improves 
the efficiency of extraction and 
grow operations leading to increased 
profits (6-9). However, even when 
presented with these facts many 
companies do not bother to set up 
an in-house testing program.

Another part of the resistance is 
that some believe cannabis should be 
treated as a dietary supplement rath-
er than a medicine. However, even 
the dietary supplement industry is re-
quired by the FDA to perform some 

“Since the cannabis industry  
appears incapable of 

policing itself, it is time 
for regulators around the 

country to step up.”



cannabis analysis  /  analytical

cannabis science and technology®    |    vol. 4 no. 9	 cannabissciencetech.com10

in-house testing, including identity 
testing of raw materials. 

In-House Testing  
Must Be Required  
by Regulatory Agencies
Throughout the three years I have 
been writing this column I have been 
pointing out the problems with our 
industry in the hopes that it would 
police itself. Given the problems 
discussed above and the refusal of 
cannabis businesses to implement in-
house testing programs, I am now of 
the belief that the industry cannot po-
lice itself. It is now time for govern-
ment entities at the state or Federal 
level to require that cannabis busi-
nesses implement robust in-house 
testing and quality control programs. 
Current regulations are clearly  
not enough.

Part of the problem is that cur-
rent regulations only require test-
ing of the f inal product to be test-
ed. To the best of my knowledge, 
no state or Federal agency requires 
cannabis businesses—particular-
ly f inal product manufacturers—
to implement in-house testing and 
quality control procedures.

Where’s the FDA in all of this? That 
is a very good question. The FDA has 
taken its time to issue final regula-
tions on cannabis products, and I 
thought they were taking their time 
so they could do it right. After all the 
time that has elapsed, I have to con-
clude they are taking their time be-
cause they don’t know what to do. 
Perhaps for the first time in its his-
tory the FDA is faced with a med-
icine that has been approved in a 

specific indication, CBD, already be-
ing sold across the country in hun-
dreds of different unregulated prod-
ucts without the usual rigor of FDA 
testing, approval, and oversight. The 
horse is out of the barn, so how do you 
go about regulating an industry that 
is so far ahead of the regulators? I am 
not a regulatory expert, but I can say 
that the FDA needs to do something 
now. It is probably too late to restrict 
the sale of CBD products around the 
country (and in no way would I sup-
port that), but they can at least make 
sure these products made are safe, ef-
fective, and properly labeled—and 
they can start by forcing the industry 
to perform more and better in-house 
testing. For starters, the FDA could 
implement the same level of oversight 
as they do for dietary supplements. 

Conclusions
The cannabis industry is in the 
headlines again with mislabeled and 
potentially harmful products. This 
all could have been prevented by a 
robust in-house testing program. 
Since the cannabis industry appears 
incapable of policing itself, it is time 
for regulators around the country 
to step up. At minimum, the FDA 
should start regulating the manu-

facture of federally legal cannabis 
products at the same level they do 
dietary supplements to insure safety, 
efficacy, and proper labeling so as to 
protect the health of the 
 American public.
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Looking with Light:
Understanding Gas Chromatography, 
Part I: Gases
By Patricia Atkins

Gas chromatography (GC) is a well-established chromatography technique in analytical chemistry. Over its 
almost 50-year history the technology has improved and changed to accommodate a wide variety of compounds 
and targets. As we see in liquid chromatography, many analysts do not have a deep understanding of the 
functioning and chemistry of GC systems and often depend upon methods they find from manufacturers or 
technical sources and adapt them to their analyses. In this column, we will take a deeper look into the chemistry, 
physics, and methodology of each piece of GC instrumentation starting with the gases that compose the mobile 
phase. Over the next few columns, we will look at the different components of the GC system (form and function) 
to see what changes can be made to increase resolution, efficiency and produce better analyses.

Gas Chromatography Targets
There are several general conditions 
for samples to be amenable to the most 
common gas chromatography (GC) 
system configurations:  

1. �The samples and compounds must 
be volatile. Volatility is the ability 
of a substance to vaporize at a giv-
en temperature and pressure. Sub-
stances with high volatility usually 
exist as a vapor while low vola-
tility samples exist as liquids or 
solids. Low volatility substances 
resist evaporation (liquids) or sub-
limation (solids) at atmospheric 
temperatures and pressures. Sam-
ples should be volatile at temper-
atures below 400 °C. The boil-
ing points of these targets usually 
need to be less than maximum 
temperature of the GC columns or 
system in which they are used. So, 
if a GC column has a maximum 
temperature of 200 °C, then tar-
gets with boiling points over the 

300 °C range will probably not be 
good candidates for analysis with 
that column.

2. �Samples for gas chromatography 
must be volatile but also thermally 
stable. Thermostability is the abil-
ity of a substance to resist chemi-
cal, physical, or structural changes 
such as polymerization or decom-
position when exposed to high 
temperatures, meaning the sam-
ples must be able to vaporize with-
out breaking down in the high tem-
peratures of the GC injection port.  

3. �Samples or substances should be 
unreactive with the GC system; 
they should not participate or 
cause reactions within the chro-
matographic pathway.

Boiling Points  
and Vapor Pressure
Volatility is not a defined measure-
ment, but it is often a reflection of the 
vapor pressure or the boiling point of 
a substance. Vapor pressure is a mea-

surement of how a substance changes 
from a condensed form to a vaporous 
form. Sometimes the term vapor is 
used interchangeable with gas or con-
fused with an aerosol. Gases are one 
of the states of matter (solid, liquid, 
and gas) with a single form at room 
temperature. An aerosol is a gaseous 
form which contains both liquids and 
solids in fine particles or droplets. A 
vapor is the gaseous stage or state of a 
substance, which can be present with 
other states of the substance at the 
same time at the same temperature. 
Vapor pressure is the measurement of 
the equilibrium between vapor and 
condensed forms of a substance when 
confined in a sealed vessel. Volatile 
compounds exist more in the vapor 
phase of the system and therefore 
have a higher overall vapor pressure.

Boiling point, on the other hand, 
is related to vapor pressure in that 
it is the temperature at which the 
vapor pressure of a liquid is equal 
to the pressure around it and this 
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temperature induces the liquid to 
evaporate quickly (boil). Most boil-
ing points are recorded at atmos-
pheric pressure. Boiling point can be 
affected by a variety of factors in-
cluding polarity, molecular weight, 
and molecular or atomic interactions. 
The lower the boiling point of a sub-
stance, the more time it spends in the 
gaseous mobile phases and speeds 
more quickly through the chroma-
tographic system. Very low boil-
ing point substances like some sol-
vents are virtually unretained on the 
stationary phase of columns, which 
make them good substances to dis-
solve GC samples. Generally, sol-
vents with boiling points lower than 
the starting temperature of the GC 
method will quickly pass through the 
system as unretained, while solvents 
that have boiling points higher than 
the starting temperatures will pos-
sibly be retained on the stationary 
phase and produce a retained peak 
(Table I). Many GC column chemis-
tries have retentions that ref lect elu-
tion by either increasing molecular 
weights of the analytes or increasing 

boiling points which can help  
the chromatographer during  
method development. 

GC System Configurations
The general configuration of a 
gas chromatography system starts 
with the carrier gas which is either 
contained in a cylinder or produced 
using a gas generator depending on 
the type of gas. Cylinders contain-
ing flammable gases such as hydro-
gen are commonly threaded in the 
opposite direction of nonflammable 
gas cylinders to prevent common 
mix-ups. The gas is controlled by a 
flow controller or a regulator and is 
plumbed into the GC system usually 
near the injection port. The injection 
port is the entry into the system for 
samples and connects to the column. 
Gas flows through the injection port 
and then the column allowing for 
the partitioning of analytes between 
phases. The final components are the 
detectors, which output an electronic 
signal to the chromatograph and the 
waste for the system (Figure 1).

Gas chromatography systems are 

plumbed to a variety of gases depending 
on the detectors and type of analysis. 
A carrier gas is common to all the most 
commonly used configurations. The 
carrier gas is the mobile phase, which 
carries analytes to the column for par-
tition chromatography. Most gas lines 
are plumbed from either a cylinder, de-
war, or generator with a series of filters 

Figure 1: General schematic for a gas chromatography system.

Table I: Common GC solvents  
and their boiling points 

Solvent Boiling  
Point (°C)

Dichloromethane 40

Acetone 56

Methanol 65

Tetrahydrofuran 65

Ethyl Acetate 77

Ethanol 78

Cyclohexane 81

Acetonitrile 82

Isopropanol 82

Water 100

Toluene 111

navigating the lab  /   analytical
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or traps intended to trap any contam-
ination or potential compounds which 
could interfere with analysis.  

The most common traps for GC sys-
tems include an oxygen trap, a moisture 
trap, and a hydrocarbon trap. The oxy-
gen trap removes oxygen from the puri-
fied gas that could damage the GC col-
umn. Oxygen traps are often composed 
of metal and an inert reagent. The goal 
of the trap is to reduce oxygen concen-
trations to below 20 ppb. Many oxygen 
traps can remove small organic mole-
cules and sulfur from the gases.  

The moisture trap removes water and 
other moisture vapors from the system 
that could impede vaporization of the 
samples. Moisture or water traps can of-
ten be refilled with sorbent materials in-
stead of being replaced. The body of a 
trap is plastic, glass, or some combina-
tion of both rated to withstand gas pres-
sures of the GC system. Plastic traps 
may pose a risk of contamination, so for 
applications where this may be of con-
cern use glass bodied moisture traps.  

The hydrocarbon trap removes any 
potential hydrocarbon contamina-
tion from greases or oils which could 
be seen as peaks in the chromatogram. 
The trap sorbent is usually activated 
carbon or carbon media that removes 

organic solvents. The traps are in many 
cases metal and in some cases can be 
refilled instead of being replaced.  

GC gas traps can be offered in a va-
riety of configurations including man-
ifolds with space for all the traps or 
combinations of different functionali-
ties in one type of trap. There are traps 
that contain indicators which change 
color when the contamination is de-
tected or when the traps are depleted. 
Each configuration has its own bene-
fits (that is, ease of use, longevity, and 
so on) and drawbacks (cost, time). In 
the end, the best trap is the one that 
gives the user the highest purity of car-
rier gas through their GC system.

Gas Purity
The gas purity needed for a GC sys-
tem depends on the type of system 
and the level of sensitivity needed by 
the system. A gas chromatography–
mass spectroscopy (GC–MS) system 
measuring low parts-per-million 
targets have higher sensitivity and 
therefore need higher purity gases 
than a flame ionization detector (FID) 
that only measures percent levels of 
components in a mixture. The cost 
of gases increases as the purity of the 
gas increases, therefore it is best to 

use the grade of gases suitable for the 
type of system used and the analyt-
ical range of the targets you wish to 
detect. The nominally recommended 
purities for the common gases such 
as helium, nitrogen, and hydrogen 
should be between 99.995% and 
99.999% for most GC applications.  

Despite the grade of gas, the typi-
cal impurities of oxygen, water, and hy-
drocarbons should be below 1–2 ppm 
each. Other impurities such as carbon 
monoxide, carbon dioxide, and other 
gases are not often individually mon-
itored but together with oxygen, wa-
ter, and hydrocarbons should be less 
than 10 ppm. Gas suppliers can grade 
their gases in cylinders and contain-
ers in a variety of ways to indicate puri-
ty and potential use. Some designations 
of “grades” care more about marketing 
than industry standards, and the an-
alyst needs to exercise care to distin-
guish the best product for their applica-
tion. One company’s ultra-high purity 
helium may be called ultra-pure carri-
er gas grade. The official designation 
should state a numerical purity like N4 
or %99.99 (also known as four nines) 
(Table II). Compressed gas cylinders 
usually maintain their certified val-
ues for purity down to only 10% of the 

Table II: Common GC gas purities, designation, and uses

Designation Nines % Maximum  
Impurities  

(ppm/volume)

Helium 
"Grades" 

Nitrogen 'Grades' Hydrogen 
"Grades"

Chromatography 
Applications

Analyte 
Range

N4 4 99.99 100 'Balloon' 
Grade

Food Grade Prepurified Do not use -

N4.5 4.5 99.995 50 Industrial 
Grade

99.998 -  
Prepurified

HP (High 
Purity)

Do not use -

N5 5 99.999 10 HP (High 
Purity)

UHP (Ultra High 
Purity)

UHP (Ultra 
High Purity)

General purpose 
chromatography use

%- ppm

N5.5 5.5 99.9995 5 UHP (Ultra 
High Purity)

Trace analytical  
or Semiconductor

UPC (Ultra- 
Pure Carrier)

Spectroscopy appli-
cations like GC–MS

<1000 ppm

N6 6 99.9999 1 ~Pure  
Helium

Research,  
Chromatography

Research 
Grade

High Sensitivity 
Chromatography 
Applications and 
Research

Sub ppm



cannabis science and technology®    |    vol. 4 no. 9	 cannabissciencetech.com16

navigating the lab  /   analytical

original pressure. At lower pressures 
there could be higher levels such as im-
purities like water or hydrocarbons.  

The number of impurities in a GC 
system can also increase with the 
improper choice of the gas handing 
equipment and plumbing. GC sys-
tems should always be plumbed us-
ing stainless steel or copper tubing 
and fittings. Gas regulators should 
have stainless steel components im-
pervious to oxygen and moisture. 
Many companies have purity rat-
ings similar to the gases to indicate 
the number of impurities that may 

be introduced to the gases from the 
regulator. Impurities from regulators 
may include off gassing of materi-
als inside the regulator, leaks which 
allow air into the system, and reac-
tions between the materials of the 
regulator and the gases. The puri-
ty of the regulator should match the 
purity of the gases used.

Regulators routinely used in the lab-
oratory are either single stage or two 
or dual stage regulators. Single stage 
regulators are not used in GC systems 
but can be used in gas lines that re-
quire continue pressure adjustments. 

Dual stage regulators are actually two 
regulators in one piece of equipment 
fixed to the gas cylinder. The first stage 
controls the pressure from the cylinder 
and the second stage reduces the pres-
sure further to plumb into the GC sys-
tem. The second stage keeps the pres-
sure continuous even when the overall 
pressure of the cylinder drops.

Selecting Carrier Gases
The carrier gases for most GC applica-
tions are helium, hydrogen, nitrogen, 
or argon. There are four main consider-
ations in the choice of carrier gas: 

Figure 2: Examples of eddy diffusion through (a) packed column and (b) tubular capillary column.

Figure 3: Example of longitudinal diffusion in a column.

[a] [b]
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1.  Application; 
2.  Efficiency;  
3.  Availability; and 
4. Cost  

The application, type of column, and 
analysis can each dictate the type and 
grade of the required carrier or make-
up gas. A make-up gas is an addition-
al gas plumbed into the system to pro-
duce a specific effect on the detector or 
system. The lower in concentration of 
the potential target analyte, the high-
er the purity of carrier and make-up 
gas are needed for analyses. The higher 
the purity of gases, the higher the cost 
of the gas.  

The next consideration of efficien-
cy deals with the chromatographic ef-
ficiency of the system and theoretical 

plates as was discussed in our previ-
ous chromatography columns. Efficien-
cy is a measure of theoretical plates 
in a chromatographic system. As has 
been discussed previously, chroma-
tography columns do not have physi-
cal plates that can be measured so the 
plates are theoretical to describe the 
efficiency of the column. This is called 
height equivalent to a theoretical plate 
(HETP) and is measured by the van 
Deemter equation in gas chromatogra-
phy analyses (Equation 1). 

                                                  	              [1]

where A is the eddy diffusion parameter, 
B is the longitudinal diffusion coefficient 
of eluting particles resulting in disper-
sion (m2/s), C is the mass transfer coef-

ficient of resistance of analyte between 
mobile (m) and stationary phase (s), 
and u is linear velocity or speed (m/s).

The first term of the equation is the 
eddy diffusion parameter and refers to 
the diffusion or mixing of substances 
by a turbulent, swirling motion around 
objects. In certain types of columns 
where the stationary phase is particu-
late in nature, currents or eddies can 
form and create forces that effect the 
HETP. These types of columns include 
packed GC columns (Figure 2a). Col-
umns that are tubular in nature (that 
is, capillary columns) do not have the 
same forces so the term A of the equa-
tion is zero (Figure 2b).

The second term B is the longitudinal 
diffusion coefficient which is the con-
stant proportion of the diffusion of one 
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component into another divided by the 
average speed of diffusion. This term is 
a calculation of the dispersion as a sol-
ute travels down the pathway. In this 
situation the concentration of the sol-
ute is highest in the middle of the path-
way and more diffuse on the edges with 
the solute diffusing more as it passes 
through the column and contributes to 
band broadening (Figure 3). The dif-
fusion effects are more pronounced at 
lower flow rates. Gas chromatography is 
more effected by these forces because of 
the exponentially higher diffusion coef-
ficients found in gases as opposed  
to liquids.  

The third term is the mass transfer 
coefficient between the mobile and sol-
id phase. Since the mobile phase (gas) 
is rapidly moving, an equilibrium may 
not be reached resulting in peaks being 

Figure 5: Relative comparisons of van Deemter curves for nitrogen, helium, 
and hydrogen carrier gases.

Figure 4: Effects of the coefficients and terms of van Deemter equation on optimal velocity in a capillary column plotted 
in a van Deemter curve.
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either less retained or retained too 
highly on the solid phase depending 
on the depth or thickness of the solid 
phase (film). The mass transfer is most 
efficient at lower flow rates, which is the 
opposite of the longitudinal diffusion. 
The most effective set of conditions is a 
balance between these two coefficients 
resulting in a minimal value for the 
HETP and the optimized linear velocity 
(u) in a van Deemter curve (Figure 4).

The window of velocity for the opti-
mal velocity can change with the type 
of carrier gas, solid phase (film) thick-
ness, and the inner diameter of the col-
umn. Film thickness can influence the 
mass transfer while smaller diame-
ter columns produce flattened curves 
with optimal velocity at lower veloc-
ities. The B/u diffusion term is great-
ly influenced by the type of carrier gas. 
The goal is to optimize the balance be-
tween the type of gas, the gas flow, and 
the column dimensions to produce an 
area of optimal practical gas veloci-
ties (~1.5 to 2x the optimal velocity) in 
which the system operates.

Carrier gases and their own van 
Deemter curves will influence the op-
timization of the GC system. Helium 
is the one of the most commonly used 
carrier gases for GC due to its safety 
and relatively good van Deemter curve 
with a range of practical optimum 
gas velocities (OPGV) between about 
(25–35 cm/s). The drawback to heli-
um is that it is an expensive commod-
ity which is dependent upon the finite 
reserves of natural gas. There are no 
easy was to produce helium (especial-
ly within the average laboratory) and 
helium’s availability and cost in some 
cases offset its ease of use and safety.

Nitrogen is another potential GC 
carrier gas which unlike helium is fair-
ly inexpensive and can be produced in-
house with a liquid nitrogen dewar, or 
a nitrogen generator and purifier. Ni-
trogen is a fairly safe gas in the labo-
ratory, but it is not the most optimal 

gas for GC with a smaller lower range 
OPGV from ~10 to 15 cm/s.  

Finally, hydrogen, like nitrogen is 
cheap, accessible, and easy to produce 
but can cause some safety concerns 
(real and exaggerated) in the labora-
tory. Hydrogen can be produced using 
a hydrogen generator or from hydro-
gen cylinders. Hydrogen has the best 
OPGV range of values with higher ve-
locities from 35 to 60 cm/s, but there 
can be possible hydrogenation reac-
tions that may affect some target ana-
lytes (Figure 5).

As I said earlier, there are safety 
concerns regarding the use of hydro-
gen in the laboratory as a carrier gas. 
Hydrogen can be explosive at above 
~4% volume in air but on the posi-
tive side, it quickly diffuses, and most 
modern GC systems regulate f low and 
have automated safety shutdowns to 
prevent accidents. Secondly, there is 
very little hydrogen f lowing through 
any GC system so the amount of pos-
sible leakage at the system is minimal 
compared to other possible leaks in 
the gas plumbing system upstream of 
the chromatograph.  

Final Thoughts
Each gas has its own positive and neg-
ative points for use in GC analyses.  
There can be applications that would 
benefit from a different type of carri-
er gas or even a mix of carrier gases. 
Many GC FID analyses may not need 
the purity and expense of helium and 
could perform better with hydrogen. 
In GC–MS analyses, the hydrogen 
may cause sensitivity issues or system 
reactions. In high-throughput labora-
tories, method run times could factor 
against using inherently slow running 
nitrogen (remember those optimal 
low velocities!). Some GC systems 
allow users to switch or blend gases, 
this is often controlled by the flow 
controllers in the inlet area of the GC 
which we will continue with in our 

next discussion of GC system compo-
nents and functions.  
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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 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 de-
posit the entire sample onto the bottom of 

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
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the vessel. A combination of 9 mL HNO3 and 
1 mL HCl was added to each vessel before the 
vessels were sealed and placed into the mi-
crowave. Using the preprogrammed Cannabis 
One Touch Method, the samples were digest-
ed at 210 °C for a total run time of 45 min in-
cluding 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 du-
plicate 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 analyzed 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 samples and 
blanks in a single batch. All of the samples were 
completely digested, yielding clear and particu-
late-free solutions upon dilution with deionized 
water. The MARS 6 is an ideal digestion system 
for the cannabis industry because it is able to 
successfully 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, indicating 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

https://cem.com/en/
https://cem.com/en/
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Emissions associated with cannabis operations include 
greenhouse gas emissions from production processes, 
wastewater, and solid waste. For growers in some re-
gions such as Illinois and Colorado, there may be regu-

lations requiring the management of certain types of emis-
sions. It is crucial for cannabis businesses to stay competitive 
in changing markets by understanding the opportunities 
for circularity in their facilities. Circular economy metrics 
benchmark the emissions generated by facilities to measure 
progress towards regenerative practices and reward validat-
ed sustainability performance.

Resource Innovation Institute (RII) gathers Technical Ad-
visory Council key stakeholders and subject matter experts 
in the Emissions Working Group (1) to standardize method-
ology for quantifying emissions associated with indoor agri-
culture, determine data the market needs to understand the 
emissions impacts and benefits of controlled environment 
agriculture, and motivate the industry to utilize low-carbon 
approaches across a range of cultivation methods and geog-
raphies to increase resilience and reduce vulnerability.

Avoiding Greenhouse Gas Energy Emissions
The greenhouse gas (GHG) emissions impacts of cannabis pro-
duction include emissions from cultivation and post-harvest 
supply chain processes. In cultivation and processing, cannabis 
demands energy and creates associated emissions impacts. 
Globally, nearly 80% of all GHG emissions come from the pro-
duction and consumption of energy. Growers of all kinds use 

systems that need energy in order to increase yields.
Outdoor farms use energy for pumping for cultivation, en-

vironmental control, and on-farm transportation and haul-
ing. Irrigation systems require electricity for pumping water. 
Equipment for heating and farm vehicles require fuel. Green-
house and indoor facilities can have higher energy demands 
than field farms. Indoor vertical farms use high-intensity sole-
source horticultural lighting systems to optimize growth and 
high-capacity HVAC systems to maintain climate and airflow. 
Greenhouses use electricity for supplemental lighting, and in 
colder climates where greenhouses seek to supply year-round 
harvest, greenhouses also use fuel for heating.

Energy used for cannabis cultivation has different emissions 
impacts depending on fuel choice and source energy for region-
al electric grids (2). Facilities can minimize GHG emissions by 
using energy-efficient lighting and HVAC equipment, producing 
on-site renewable energy, and minimizing use of fossil fuels. 

Closing the Water Loop
Climate change, resource constraints, and environmental 
disasters impact cannabis businesses along with human and 
ecosystem health. During peak drought cycles approximately 
one-quarter of the US experiences extreme or exceptional 
drought (4). A future of rising costs and tightening access 
to water due to prolonged and historic droughts make water 
efficiency an increasingly urgent priority. 

In field farming, water that is not retained by plants is evap-
orated back into the surrounding environment or drains as 

Circular Cannabis Systems:
Tracking and Minimizing Waste  
and Emissions Impacts 
By Gretchen Schimelpfenig

Cultivation operations use resources such as energy and water and also generate waste products like wastewater, 
biomass waste, and other solid waste such as growing supplies and packaging materials. Growers can benefit from 
learning about circular processes that recapture waste streams to improve operational efficiency and reduce impacts on 
surrounding communities and sensitive environments. Specialized waste benchmarks help businesses track emissions 
of cultivation facilities to quantify the costs and benefits of implementing circular best practices. Compare year-over-
year performance and contrast key performance indicators against industry averages to value and prioritize strategies. 
Minimize environmental impacts by controlling horticultural lighting to improve yields, recapturing, treating, and reusing 
drained irrigation water, and minimizing crop loss through effective integrated pest management (IPM). In this final 
“Cultivation Classroom” column of 2021, bring efficiency concepts together to create circular cannabis systems.
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runoff, carrying soil and fertilizer into groundwater, rivers, 
and lakes. Water recirculation systems used by greenhous-
es and indoor cultivation facilities design out waste and keep 
a constrained resource in use. Both kinds of facilities present 
opportunities to recapture, treat, and reuse irrigation water 
(5). Indoor farming can also recycle condensate captured from 
HVAC and dehumidification systems. Regenerative practices 
are phenomenal opportunities for sustainable water practic-
es; recirculating indoor farms can use 90–95% less water than 
field farms (6). In some regions, cannabis operations must im-
plement wastewater treatment plans to recapture condensate 
and treat and reuse drained irrigation water.

Recycling Waste
Solid waste emissions from cannabis facilities include 
biomass, cultivation supplies, and packaging waste. Used sub-
strate and root balls from grow rooms and branches, stems, 
and leaves from trimming are examples of cannabis biomass 
waste. In some regions, cannabis biomass cannot be compost-
ed, or is required to be mixed with other kinds of waste. Sup-
plies to support optimal plant growth and development such 
as trellis netting can be challenging to reuse and impossible 
to recycle. Many growers and consumers are also concerned 
about packaging waste. Regulations in some areas can make 
recycling packaging materials difficult, and consumers are 
often left responsible for finding sustainable options.

Benchmarking Cannabis Emissions
Accounting for the emissions impacts of cannabis is possible 
with specialized benchmarking tools like Resource Innovation 
Institute’s PowerScore (7) that can calculate key performance 
indicators (KPIs) for resource efficiency and productivity 
for outdoor, greenhouse, and indoor cultivation operations. 
PowerScore has KPIs for energy-associated greenhouse gas 
emissions, water, and solid waste. RII’s Emissions Working 
Group peer reviews changes to the PowerScore platform 
related to emissions and prioritizes new KPIs to measure both 
emissions impacts and benefits (see Figure 1).

Cannabis businesses can be recognized for excellence with 
environmental reporting and certification programs. Certi-
fication programs help address the need to measure progress 
toward circularity as climate change, resource constraints, 
and environmental disasters impact human and ecosys-
tem health. Benchmarking tools such as PowerScore can be 
used as inputs to the certification process to prove circulari-
ty of resources like energy and water. Certification programs 
and benchmarking tools like PowerScore evaluate the re-
source efficiency and productivity of controlled-environment 
agriculture (CEA) facilities while rewarding regenerative 

practices like keeping materials in use, conserving water, and 
reducing energy consumption. 

Creating a Circular Cannabis Economy
Greenhouse and indoor cultivation approaches offer pathways 
to a circular cannabis economy and are increasingly import-
ant strategies as extreme weather events increase in frequen-
cy, resources like water are further constrained, and demand 
for cannabis continues to increase globally. Energy use and 
associated greenhouse gas emissions of cannabis production 
should be measured with benchmarking tools to understand 
ecosystem impacts so certification programs reward circular 
practices in the cannabis industry.

circular systems  /  cultivation classroom

Greenhouse gas emissions impacts from energy are 
measured in equivalent kilograms of CO2 (CO2e). Comparing 
the emissions of greenhouses with identical energy 
productivity, a Massachusetts facility would produce nearly 
50% less CO2e than a Colorado facility (3).
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Download RII’s latest free “Best Prac-
tices Guide on Automation & Controls 
for Cannabis Cultivation” (8). Access 
RII’s guides on LED Lighting, HVAC, and 
Controls for Cannabis Cultivation at Re-
sourceInnovation.org/Resources. Check 
out RII’s past “Cultivation Classroom” 
columns on their author page (9-13). 
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Figure 1: Contribution to carbon emissions impacts from major industries.
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cannabis crossroads

Inspiration, Move Me Brightly:
A Closer Look at the Rylie’s Sunshine Journey 
Led by the Youngest CEO in Cannabis
By Josh Crossney

We have all met amazing people 
within the cannabis industry—
pioneers that bring brightness 
to our lives. In this install-

ment of “Cannabis Crossroads,” I sat down 
with three inspirational forces to discuss 
the journey of the Rylie’s Sunshine brand. 
This is an ongoing story of not only fight-
ing stigma, but also one of perseverance, 
change, family, and community. I great-
ly admire and respect Rylie and Janie Mae-
dler and Dr. Reggie Gaudino. They are 
shining examples of what can be achieved 
through community and collaboration 
when hearts lead the way and work togeth-
er to overcome fear.

Q:

We have been following your 
journey for several years. For 
readers not familiar with 
Rylie's Sunshine, can you 
please tell us a little about 
the brand and explain why it 
was created?
Janie Maedler: Rylie created a 
501c3 in 2015, Rylie’s Smile Founda-

tion, after she achieved no evidence of dis-
ease (NED) from her bone tumors. Through 
Rylie’s Smile Foundation she helped create 
safer legal access to medical cannabis for 
pediatric patients by steadily creating 
legislation in her home state of Delaware. 
Beginning legislatively in 2015, she was able 
to pass bills for medical marijuana (MMJ) for 
pediatric patients, administration of MMJ 
on school property, added pediatric autism 
as a qualifying condition, and inspired the 
Compassionate Use Program which allows 

doctors to prescribe MMJ for conditions 
not listed on the states qualifying conditions 
if they have scientific evidence that it will 
benefit the patient medically. We knew that 
these laws would set a precedent if Rylie 
could accomplish these changes legislatively 
in her state—enacting these laws would help 
other states do the same. 

Within the first two years, Rylie’s Smile 
Foundation became well known for not only 
legislative improvements for pediatric pa-
tients but it also became an advisory for out 
of state legislators and many families navi-
gating medical cannabis for the first time for 
their severely sick children. This is where we 
not only saw a drastic need for quality can-
nabinoid medicine but we were seeing that 
this was a bigger issue then anyone could 
ever imagine! There was no education in the 
general public nor the regulation of prod-
ucts. Many patients or consumers who were 
desperate for improved health were being 
taken advantage of. We examined countless 
sources of medical cannabis. We were horri-
fied at some of the products' lab reports and 
sales tactics to get “rid of subpar products” 
at high cost to unsuspecting desperate par-
ents. It came down to Rylie and our family 
wanting to create a company that genuinely 
cared where these families’ medicines were 
coming from, it’s cannabinoid levels from 
plant to finished product, how it was grown, 
and how it was processed. Simple transpar-
ency. Since the 501c3 could not cultivate and 
process cannabis, Rylie’s Sunshine was cre-
ated to assist in this area.

A: Rylie Maedler: We knew we would 
need help to accomplish this to the 

degree of quality that I wanted for families. 
I immediately brought on medical and 
research advisors who were well versed in 
medical cannabis research. Among them, I 
asked Dr. Reggie Gaudino to join me and he 
accepted. This has been a dream come true 
for me since we share the same values of 
clean quality cannabis medicines and 
transparency. I value his input tremendous-
ly and it’s great to have him be such a big 
part of my life now. I admire what he has 
accomplished and the things he has set out 
to do to advance cannabis research.

A: Janie: Dr. Gaudino shared Rylie’s 
goals with Front Range Bioscienc-

es who in turn decided they would love to 
help Rylie achieve these goals. Each year 
we plant approximately 35+ varieties of 
Front Range Bioscience’s genetics in order 
to study how they perform in our region, 
our specific soil conditions, and how well 
they achieve expected cannabinoid 
profiles. This helps ensure that we grow 
the healthiest and best plants that we 
possibly can. Front Range is present from 
the months leading up to planting our 
seedlings and clones to ensure our soil 
and irrigation testing are taken into 
consideration when making amendments. 
We then keep extremely detailed data on 
each variety, which includes tissue 
sampling the varieties to look at their 
cannabinoid performance as they mature. 
With this data we can plan what we will 
plant the following year to target certain 
medical conditions and exactly when to 
harvest for the highest cannabinoid levels 
we are looking for. We cannot imagine 

A:
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doing it any other way now! We put the 
utmost care from the soil all the way to 
the end product to ensure it is something 
we can confidently give to our own 
medically compromised family members.

Q:
As the youngest CEO in the 
cannabis industry, what 
inspires you on a daily basis?

A:
Rylie: The main thing that has 
inspired me has always been the 

patients that I’ve helped and the friends 
that I’ve made during my journey of 
educating and advocating for better 
cannabis access. Every person I’ve met 
has had their own journey and their own 
struggles to overcome, which inspires 
me to be like them and help them 
continue thriving.

Q:

Today you operate your own 
farm out of Virginia. Can you 
share with us what it has been 
like to grow, harvest, and 
produce your own products? 
What lessons have you learned 
along the way?

A:
Rylie: Yes, we have 25 acres of farm 
land on the Eastern Shore of 

Virginia. In the beginning there is a lot of trial 
and error. Thankfully, we’ve had help along 
the way from our amazing advisors, fellow 
farmers, a great farm crew, many friends who 
have experience, the assistance of Front 
Range Biosciences, and Dr. Gaudino. It is a lot 
of responsibility and physical hard work, to 
say the least, from laying the irrigation, 
planting, weeding, collecting three to four 
dozen tissue samples every couple of weeks 

Figure 1: Rylie Maedler in her  
hemp field.
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and taking note of how each variety is doing 
in detail all the way through to harvest and 
post processing. We are steadily learning and 
working to continuously improve. Since I 
suffer from seizures, the hardest part for me is 
when the field gets hot, so I am in the field 
early in the evening, also when it’s cloudy or 
rainy I’m out there. I’ve done everything from 
driving the tractors to hanging the drying 
poles from our ceiling. My favorite part is the 
tissue sampling of the plants. This gives me a 
chance to look at the differences in their odor, 
color, leaf pattern or size, the flowering stage, 
and even what type of pests are present. I find 
a lot of lady bugs still since we released so 
many a few years ago. I also enjoy taking 
photos of the plants. The biggest lesson I’ve 
learned is that there are a multitude of plant 
varieties and they have different characteris-
tics. You can get amazing results from a little 
plant sometimes and poor results from a huge 
plant. They also all have different odors due 
to their varying terpenes. It’s fun to learn 
about the tissue sample results when we 
come across one that has a really pleasing 
smell. Last year my favorite happened to be a 
high cannabichromene (CBC) variety, which 
made sense because of my seizures.

A:
Janie: For me, I enjoy being in the 
middle of our field and looking up to 

see my children, my husband, father, 
stepmother, extended family, our crew, and 
pediatric families who come to volunteer, in 
the field with smiles on their faces. We all are 
in awe that we are nurturing a plant that will 
improve someone’s quality of life. All of us 
talk to the plants but I think I might do it the 
most. There have been times that a family 
desperate for help has reached out to us and 
sometimes their stories break you to the core. 
It’s hard to not let it weigh on your mind 
heavily so I will sit in the middle of the field 
and just try to take in the role these plants 
will have. Often families will come for a 
couple of days to help us and be a part of the 
creation of their loved one’s medicine. I often 
see them talking to a plant or two as well. The 
biggest lesson I have learned is that in 
cultivation you never have complete control 
over Mother Nature, so do not expect it.

Q:

The legal and commercial 
landscape has changed  
in many ways since we first 
met. What are some of the 
biggest challenges you 
continue to face?

A:
Janie: We have had a lot of 
obstacles from the very beginning 

in 2013 when I started Rylie on cannabis 
oils for her tumors. She used both 
tetrahydrocannabinol (THC), tetrahydro-
cannabinolic acid (THCA) and cannabidiol 
(CBD), all full spectrum. Back then it was 
nearly impossible to find full extract 
cannabis oil (FECO) anywhere much less 
CBD rich FECO! When I did find a safe 
source, it was extremely expensive and 
highly secretive because nobody wanted to 
get caught. I had many yard sales to be 
able to afford her cannabis oil each month. 
It’s unbelievable how expensive it was.

When Rylie passed MMJ for pediat-
rics in our state, everyone was scared to 
speak up . . . except Rylie. That tiny nine-
year-old girl stood up before all of those 
big legislators and convinced them, even 
the ones who originally objected, to make 
a change they’d never forget and be proud 
of. Rylie continued making changes to 
help children so that they would not have 
to go through all of the things she did to 
gain access. It’s hard to imagine the dif-
ficulty resulting from negative stigmas 
these days but they are still very present 
in many corners of society. I’ve watched 
Rylie in action before legislators and go-
ing up against six figure lobbyists. I can 
tell you that she fights for quality access 
legislatively from the heart and some-
times when she is done, I feel like I need 
to catch her and protect her but she won’t 
have that. She is like a cute lion.

Q:

Front Range Biosciences (FRB) 
is a leader in cannabis and 
hemp genetics and analytical 
testing. How is FRB working 
with Rylie and Janie? In what 
ways do you help improve 
product quality? 

A: Dr. Reggie Gaudino: We've 
partnered in a way that benefits 

both companies. Rylie's family has a fair bit 
of land that has been used for agriculture. 
Janie had grown about an acre a couple of 
years back and had done really well. I was 
already an advisor to the “Rylie” brand, they 
were nice enough to allow me to work with 
them, so we found a way that FRB could run 
field trials on their land. And then all the 
biomass goes into products for both Rylie's 
Smile and Rylie's Sunshine. Some of the 
varieties we test have been bred for specific 
terpenes or minor cannabinoids, and so all 
that gets to potentially help kids and their 
families. So, it's kind of a perfect match. Our 
stuff will end up potentially helping 
someone, and having potentially been 
introduced into at least a few use case 
studies. We are also taking a look at the 
actual concentrate made from the variety 
that helped Rylie. Our chemistry team has 
taken an initial look at it, but we need to go 
back and use some more sensitive instru-
ments to get a bit deeper.

As for the product quality, it depends 
on whether or not you mean the quality 
of the plants or the oils. For the plants, 
we tested all our breeding product prog-
eny at first on just a few acres in 2020 
and then Janie must have been on some 
amazing training program over the win-
ter, because she went from 4 acres last 
year to 13 acres this year, without a lot 
of additional help, if any. How that helps 
us improve is to get metrics on things 
like performance in that environment, 
since the performance of any given ge-
netic will not be the same everywhere. 
It allows us to identify which varieties 
from our germplasm should be sold in 
which regions to allow us to make sure 
our product is helping the cultivator do 
his best. If it is a genetic that is suited to 
that set of conditions, then you start out 
with a stronger base. It also helps us get 
a feel for the spectrum of photoperiod 
response when you have crosses that in-
clude plants that have different light trig-
ger requirements. So, that's how it helps 
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us. I'll be honest, that region is a tough 
region to grown in. In general, the things 
that do well there do well anywhere else 
I put them. So, it definitely helps us.

As far as helping improve the quality of 
their products, with that much biomass 
they can do a lot of experimenting and for-
mulating, and get up to speed with their 
new extraction facility, so hopefully that is 
useful to them. Also, the partnership, when 
the weather cooperates, means that when 
we do find those good genetic combina-
tions, with respect to minor cannabinoids 
or other compounds, they get to put that 
into their formulations too, so I think we 
help there as well. 

 

Q:
What goals are you looking to 
achieve by working with Rylie’s 
Sunshine and other farms? 

A:
Dr. Gaudino: I really want us to 
be able to help Rylie figure out 

what compound or combination of 
compounds helped her overcome the 
disease that nothing else could. Then I 
want to breed that up so more people 
have access to it and we can continue to 
show why this plant is, in fact, a miracle.  

As for other farms, the partnerships 
are all about mutual benefit. They help 
us produce some of the best genetics 
on the planet and we in turn help them 
maximize the return on their invest-
ment and labor. We're starting to create 
those partnerships on the regulated can-
nabis side now as well. The hemp indus-
try collapse in the US has hurt our devel-
opment on the hemp side. We've had to 
reduce the extent of our hemp field tri-
als. But Rylie's is a partnership that will 

continue because of the number of ways 
we work together.

This interview has been edited due to space 
limitiations, to read the full version, please 
visit: https://www.cannabissciencetech.com/
columns/cannabis-crossroads.
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LED lighting offers significant advantages and benefits 
over traditional lighting—from sustainability and energy 
conservation to operation efficiencies, cost reduction, 
and higher yields. 

CST: What are the benefits of LED lighting vs. traditional lighting in 
cannabis cultivation?
SAGAL: LED lighting offers significant advantages and benefits over 
high-pressure sodium (HPS) lights. Energy consumption is almost half 
of HPS, and the heat produced in a room with LED lights is 50% less 
than in a room with HPS lights. Spectrums are matched to cannabis 
crops to optimize growth characteristics, and you don’t have radiated 
heat emitting from a light source as with HPS—LED intensities and 
photosynthetic photon flux density (PPFDs) are also dialed in to 
increase yields with half the amount of power and a higher nutrient 
intake. There is also a lot more granularity and capability in terms of 
dimming, controls, and monitoring.

CST: What makes TSRgrow LED lighting solutions different from 
traditional LED lighting?
ARNOLD: TSRgrow has taken commercial cultivation to the next  
level by integrating functionality that gives a competitive edge.  
Our lighting fixtures do not require a driver or ballast on the fixture—
some conventional LED lights can have as many as six drivers per 
light, multiplying failure points. Our digital remote power server 
technology is centrally located outside of the grow chamber, which 
offers considerable advantages: 

• Reduced heat in the grow room
• Reduced weight on the supports or racking
• Reduced installation costs by eliminating all two-wire  

dimming circuits
• No contactors or relays needed to turn the lights off
• No step-down transformers: our remote power servers can take 

600/480v directly

Each light or group of lights can be controlled separately with 
unlimited zones. Our digital remote power servers monitor 
and manage scheduling, micro-climates, lighting control, and 
environment, and they produce current historical reporting for 
process improvement and regulatory adherence. Additionally, 
tracking and scheduling can be remote or local. 

Reducing Your Carbon Footprint with 
Advanced LED Lighting Solutions Additional controls and monitoring modules are 

customizable for each cultivator’s needs.

CST: How do your LED lighting solutions reduce 
the carbon footprint of the grow facility? 
SAGAL: TSRgrow Advanced LED Solutions are just 
that: advanced for the cultivator not only to gain 
tighter control of their greenhouse and indoor 
grows but also help them reduce energy and 
emissions through our lighting platform integrated 
monitoring and control. This allows cultivators 
to increase production and have a long-term 
sustainable cultivation that provides capabilities to 
address future changing regulations—which we 
know will happen—through simple programming 
rather than fixture changes. 

We can deliver the highest performance and yield 
while delivering the lowest possible operating costs 
because we can optimize energy usage through 
advanced control of our lighting, integrated 
with heating, ventilation, air conditioning, and 
dehumidification (HVACD). CO2 is more efficiently 
utilized, and water is conserved, enabling the lowest 
carbon footprint. 

Our digital remote power server technology plays a 
key role in this, as it not only centralizes the lighting 
system’s power and operation, but it can also be 
integrated into microgrids, which are combined 
heat and power (CHP) systems. We can also connect 
directly to regulated DC power generated from solar, 
battery storage, and wind generation. Direct DC 
power input represents the most efficient  conversion 
of power possible—sustainability at its best. 

We’re giving growers and cultivators the ability to 
reduce their carbon footprint and be sustainable 
now with the ability to adjust and transition to  
new technologies and new power-generation  
capabilities in the future without having to  
change any TSRgrow lighting infrastructure.  
We can integrate into CHP systems or solar,  
which is adaptable and programmable in the  
future. Our lighting solution is sustainable and 
adaptable to local regulation changes, saving  
costly equipment changes and leading to  
long-term, efficient operations, giving growers  
the highest yields and lowest operating costs  
well into the future.

CST: What other ways do your LED lighting solutions 
enable growers to be environmentally friendly?
ARNOLD: Because we can monitor all the variables 
and use lighting as a platform, we’re able to prevent, 
diagnose, and perform maintenance accordingly. For 
example, if you have an outage, be it a motor, fan, 
or air handling system, oftentimes you don’t notice 
until it’s too late and lose a crop. When that happens, 
there’s a lot of clean up because you can’t throw it 
in the compost pile; it has to be discarded according 
to regulations. Our lighting platform can detect 
and alert you about problems in HVACD or CO2 and 
make adaptive changes before it's too late and a 
crop is lost. We can help prevent things that cause 
environmental contamination. 

One of the most important things is making sure 
that people are doing their job. Our tracking and 
reporting allow shift managers to see whether they’re 
on track or they need to change things up to avoid 
inefficient use of energy, materials, and manpower, 
all while maintaining the optimal environment.  

Regulations are changing almost monthly in every 
state for stricter environmental control, and that 
puts a cultivator at risk if they don’t have a flexible 
and adaptable system like TSRgrow. We can change, 
modify, and adapt to the rigorous regulations that 
are coming. We tell every customer, “You don’t know 
what you don’t know, so be prepared by having 
TSRgrow flexibility.”

CST: In what ways do these LED lighting solutions 
help growers maximize efficiency and help  
profit margins? 
SAGAL: TSRgrow is a partner, not a supplier. As such, 
we look through the cultivator’s lens to monitor, 
manage, and proactively respond to the operation, 
planning, and production capacities. We are an 
intuitive network throughout the facility that can 
not only track and validate but alert and inform 
the activities for continuous efficient operation. 
We are all starting on a long road toward highly 
regulated cultivation. There will be more restrictive 
requirements on energy, emissions, quality, 
environment, and sustainable responsibilities. 
TSRgrow is not waiting; we are there now and have 
the platform to continue to embrace the changes 
coming. We are excited about what we are doing 
and with our customers/partners.

Mikhail Sagal
President
TSR Grow

Gary Arnold
VP of Sales & Marketing
TSRgrow

https://www.tsrgrow.com/
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puts a cultivator at risk if they don’t have a flexible 
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are coming. We tell every customer, “You don’t know 
what you don’t know, so be prepared by having 
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help growers maximize efficiency and help  
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we look through the cultivator’s lens to monitor, 
manage, and proactively respond to the operation, 
planning, and production capacities. We are an 
intuitive network throughout the facility that can 
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the activities for continuous efficient operation. 
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With the passage of the 1970 
Controlled Substances 
Act, research into the me-
dicinal properties and phy-

tochemical constituents of cannabis 
was brought to a halt in the United 
States. As various states have legal-
ized the use of cannabis within their 
borders, nascent research is being 
conducted, but remains fraught with 
legal peril, as cannabis is still prohib-
ited at the Federal level. The study of 
cannabidiol (CBD)-rich hemp, now 
legal to grow in the United States as 
a result of the 2018 Farm Bill, is not 
hampered by these restrictions and 

research on the chemical composi-
tion and phytochemical diversity of 
commercially available cannabis can 
be performed. 

From a regulatory perspective, 
cannabis is a Schedule 1 controlled 
substance that differs from hemp 
on the basis of total ∆9-tetrahydro-
cannbinol (∆9-THC) concentration, 
with the bifurcation occurring at 
0.3% weight/ weight (w/w) total THC. 
This particular metric is the sum of 
the amount ∆9-THC plus the amount 
of its acidic precursor, tetrahydro-
cannabinolic acid (THCA), after ac-
counting for the loss of mass during 

decarboxylation (that is, total THC 
= ∆9-THC + 0.877*THCA). However, 
and more specifically, cannabis cul-
tivars can be classified into one of 
three groupings. Group I cannabis 
cultivars are THC-dominant strains 
(>20:1 THC/CBD); Group II cannabis 
cultivars have approximately equal 
amounts of THC and CBD (that is, 
~1:1 THC/ CBD); and Group III canna-
bis (hemp) cultivars are CBD-dom-
inant (that is, >20:1 CBD/THC). Re-
markably, Groups I-III cannabis 
cultivars generally demonstrate in-
distinguishable morphological struc-
tures, with comparable flavonoid, 

The chemical characterization of different Cannabis sativa spp. cultivars has important regulatory 
and potential pharmacodynamic implications. While Groups I-III cultivars are distinguishable on 
the basis of total tetrahydrocannabinol concentrations and the relative ratio to cannabidiol, the 

expression of other secondary metabolites, such as the terpene family of phytoconstituents, has a 
more significant bearing on the potential therapeutic outcomes for medicinal end users as a result 

of the synergies associated with the “entourage effect.” In the work presented here, 131 Group III 
cannabis cultivars were analyzed for cannabinoid and terpene composition. Principal component 

and hierarchical cluster analyses were used to assess multidimensional relationships in the 
overall phytochemical content. Weak correlations were found between individual cannabinoid 

and terpene species; however, the relative expression of monoterpenoids and terpenoids were the 
most discriminative variables in terms of differentiation of individual cultivars into two distinct 

subclasses. The identification of distinct sub-classes within Group III cannabis on the basis of cis-
2- pinanol, fenchol, and alpha-terpineol expression, suggests that these classifications can be used 

to guide more targeted therapeutic outcomes.

Differentiation of Group III 
Cannabis Cultivars into Novel 

Sub-Classes
Z A C A R I A H  L  .  H I L D E N B R A N D ,  T I F FA N Y  L I D E N ,  M AT T H E W  S P U R L O C K ,  A D A M  M .  J A C Q U E S ,  C H R I S T I A N

W E S T,  O R I A H  L O V E ,  A N D R E W  G R O S E L L A ,  R  .  E D W A R D  W E S T E R F I E L D ,  A N D  K E V I N  A  .  S C H U G
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terpene, and ancillary cannabinoid 
profiles (1). This lack of discernable 
phytochemotaxonomy is likely the re-
sult of extensive interbreeding and hy-
bridization (2). However, minute dif-
ferences in phytochemical composition 
may produce or affect different thera-
peutic outcomes for patients using me-
dicinal cannabis.

Terpene molecules are ubiquitous 
hydrocarbons that are naturally abun-
dant in cannabis or hemp and can 
stimulate a wide array of physiologi-
cal responses (3). There are current-
ly 20,000+ known quantifiable ter-
penes, with cannabis producing more 
than 120 different terpenes species 
(4). Most terpenes exhibit antimicro-
bial and anti-inflammatory properties, 
but other terpenes have been found 
to modulate blood glucose and atten-
uate pain (3). Additionally, terpenes 
such as beta-myrcene, myrcene, and li-
monene are all perceived as invigorat-
ing; whereas linalool, also found in lav-
ender, is perceived to induce a sedative 
effect. Other terpenes, such as alpha- 
and beta-pinene produce bronchodila-
tory effects (5).

In this work, targeted cannabi-
noid and terpene analyses, in combi-
nation with multivariate statistical 
analysis, were used to identify and se-
lect hemp cultivars that produced in-
creased amounts of cannabidiolic acid 
(CBDA). Using gas chromatography–
mass spectrometry (GC–MS), two dis-
tinct clusters within Group III canna-
bis were identified on the basis of their 
cannabinoid and terpene expression 
profiles. A parallel analysis by high 
performance liquid chromatography 
(HPLC) also resulted in the separation 
of unique phytochemical clusters, al-
beit with less discrimination than was 
afforded by the GC–MS analysis. These 
results suggest that separate sub-class-
es within Group III cannabis can be 
identified on the basis of ancillary phy-
tochemical expression; the elucidation 
of these discriminatory and bioactive 

features can possibly be used to guide 
medicinal end users towards pharma-
codynamically more favorable treat-
ment outcomes.

Material and Methods
Group III Cannabis Genetics
In this study, 131 novel Group III can-
nabis (hemp) cultivars created by ZED 
Therapeutics were included. These 
cultivars were selected on the basis 
of CBDA expression and the absence 
of discernible genetic abnormalities 
or poor performance characteristics. 
These included hermaphrodism, 
variegation, extremely long flowering 
periods, elongated internodal spacing, 
poor cannabinoid production, and 
susceptibility to insects, molds, and 
plant viruses. All plants were grown 
indoors in an organic blended soil me-

dium (compost, worm casting, perlite, 
and cocoa coir) under ceramic metal 
halide (CMH) and high-pressure sodi-
um (HPS) and lighting technologies. 
During the vegetative cycle, 1000 W 
CMH lights were used on a 16:8 
light:dark regimen, and 1000 W HPS 
lights were used on a 12:12 light:dark 
regimen during the flowering cycle.

GC–MS Analysis
Samples of final cured flower material 
were analyzed for cannabinoid and 
terpene content by GC–MS methods 
performed by Sunrise Analytical, using 
the Environmental Protection Agen-
cy’s 8270 method. In this work, 10 and 
50 different cannabinoid and terpene 
species were quantified, respectively 
(please see Supplemental Dataset on-
line). Concentrations of the acidic pre-

Figure 1: Changes in cannabinoid expression during the final two weeks of culti-
vation. The paired, nonparametric Wilcoxon test was used to generate statistical 
comparisons. **** represents p<0.0001, ns symbolizes no statistical significance.
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cursor cannabinoids (that is, THCA and 
CBDA) were determined via GC–MS
after derivatization (6). Calibration was 
performed with a quadratic calibration 
curve with 8 reference points and a 
linearity greater than 0.995. Quantita-
tion was performed within 85–115% of 
sample matrix reproducibility.

HPLC Analysis
Samples collected two weeks before 
harvest and of final cured flower mate-
rial were analyzed by HPLC methods 
developed by ZED Therapeutics. Briefly, 
samples were treated with methanol and 
syringe filtered, prior to separation on a 

2.2 μm, 3.0 x 75 mm C18 column and an 
acetonitrile gradient using Shimadzu’s 
Cannabis/Hemp Analyzer. Certified refer-
ence standards from Cerilliant were used 
to identify and quantify cannabidivarinic 
acid (CBDVA), cannabidivarin (CBDV), 
cannabidiolic acid (CBDA), cannabigerol-
ic acid (CBGA), cannabigerol (CBG), can-
nabidial (CBD), tetrahydrocannabivarin 
(THCV), tetrahydrocannabivarinic acid 
(THCVA), cannabinol (CBN), ∆9-tetrahy-
drocannbinol (∆9-THC), ∆8-tetrahydro-
cannbinol (∆8-THC), cannaicyclol (CBL), 
cannabichromene (CBC), tetrahydro-
cannabinolic acid (THCA), and cannab-
ichromenic acid (CBCA). Calibration 

was performed using a set of five serial 
dilutions of each reference standard 
(2.5, 12.5, 25.0, 125.0, and 250.0 μg/L) 
with a linearity greater than 0.998. The 
limits of detection and quantitation were 
determined experimentally to be 0.5 and 
1.0 μg/L, respectively. 

Data Processing and 
Statistical Analysis 
Pairwise and correlative analyses were 
performed using the Prism software 
suite by GraphPad. Principal compo-
nent analysis (PCA), hierarchical cluster 
analysis (HCA), and partial least squares 
discriminant analysis (PLS-DA) were 
performed using MetaboAnalyst 4.0 
online. Prior to statistical analysis, the 
data were auto-scaled to CBD and CBDA 
concentrations to normalize the dataset 
so that individual constituents could be 
compared based on their correlation to 
each other. This is referred to as unit 
variance scaling where the highest and 
lowest concentrations are represented by 
1 and -1, respectively, with all other con-
centrations being relative (7). No further 
data transformation was performed.

Results and Discussion
GC–MS and HPLC 
Determinations
The concentrations of CBDA and THCA 
in Group III cultivars are of particular 
interest in the hemp industry due to 
efforts to maximize the former while 
still maintaining regulatory compliance 
with the latter. Current United States 
Department of Agriculture (USDA) 
regulations specify that in order to fit 
the classification of hemp, Group III 
cultivars must exhibit a total THC (∆9-
THC + decarboxylated THCA) equal to 
or less than 0.3 % w/w on a dry weight 
basis. Therefore, we determined the 
major acidic cannabinoid precursors 
(that is, CBDVA, CBDA, CBGA, THCA, 
and CBCA) in flower material collected 
two weeks before harvest, as is required 
by USDA regulations, and in the final 

Figure 2: A multivariable bubble plot illustrating the relationships amongst 
CBDA (ß0), THCA, CBCA, and CBGA in hemp samples analyzed two weeks 
before harvest (top) and those of final cured material (bottom).
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cured material (Figure 1). All 131 culti-
vars were devoid of detectable ∆9-THC 
two weeks prior to harvest, whereas 10 
of the 131 cultivars demonstrated total 
THC levels above 0.3% w/w once THCA 
decarboxylation was accounted (mean 
and median values of 0.19% and 0.18%, 
respectively). The concentrations of 
all five major acidic precursor canna-
binoid species increased significantly 
(p<0.0001) in the final two weeks of 
cultivation, while CBDA:THCA ratios 
remained relatively unchanged (25.0 ver-
sus 24.9, p=0.55) between the two collec-
tions points. CBDA concentrations rose 
the most dramatically in the final two 
weeks of harvest, with a median increase 
from 5.22% to 13.97% (p<0.0001).

Correlation Analyses
CBDA, THCA, and CBCA concentrations 
exhibited multicollinearity at both time col-
lection points, whereas CBDA and CBGA 
exhibited poor correlation two weeks 
before harvest (R2=0.11), which was accen-
tuated in the final cured flower (R2=0.05) 
(Figure 2). This was expected since CBGA 
is converted into CBDA, THCA, and 
CBCA, respectively, via a series of synthase 
enzymes. Interestingly, the strength of the 
aforementioned multicollinearity amongst 
CBDA, THCA, and CBCA decreased over 
time, and was attributed to the substantial 
increase in CBDA expression in the final 
two weeks of cultivation.

An additional two-tailed Pearson cor-
relation analysis was performed to assess 
the relationships between the major can-
nabinoids and prominent terpenes in the 
final cured flower materials (Figure 3). 
This analysis revealed several weak cor-
relations between individual cannabi-
noid and terpene species (that is, CBDA 
and fenchol, CBDA and cis-2-pinanol, r ≤ 
0.5), compared to stronger correlations 
between individual terpenes. For exam-
ple, humulene concentrations strongly 
correlated with caryophyllene concentra-
tions (r=0.8, p<0.0001). Similarly, fenchol 
concentrations were correlated strongly 

with cis-2-pinanol concentrations (r=0.8, 
p<0.0001) and alpha-terpineol (r=0.7, 
p<0.0001); and the concentrations of the 
two pinene isomers were strongly corre-
lated (r=0.8, p<0.0001).

Identification of  
Group III Sub-Classes
Principal component analysis (PCA) and 
hierarchical cluster analysis (HCA) were 
used to evaluate overall individual phyto-
chemical profiles in relation to each of the 
Group III cannabis cultivars (see Supple-
mental Table I available online). Samples 
were evaluated based on their terpene 
content, cannabinoid content, and the 
combination of the two compound class-

es. For analysis of the terpene content 
(see Supplemental Figure 1 available on-
line), the first four principal components 
(PCs) had a total variance of 57.8% with 
PC 1 and 2 explaining 20.8% and 15.0% of 
the total variance, respectively. Samples 
were additionally evaluated based on 
the cannabinoid content. PC1 and PC2 
accounted for 58.9% of the total variance, 
and the first three PCs for 69.2% of the 
total variance (see Supplemental Figure 
2 available online). Cannabinoids were 
evaluated using HPLC.

PCA results were similar to those de-
termined by GC–MS. The total vari-
ance explained by the first three PCs 
was 68.7%. PC1 accounted for 30.8% and 
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Figure 3: Pearson correlation matrix illustrating the relationships between 
the five most prevalent acidic cannabinoids and 20 prominent terpene mol-
ecules detected in cured hemp material. Red and blue colorations represent 
negative and positive correlations, respectively.
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PC2 accounted for 24.9%. The terpene 
and cannabis data were combined, which 
yielded total variance of 52.6% for the 
first four PCs with PC1 and 2 explaining 
22.6% and 12.3%, respectively (Figure 4).

Those compounds with the great-
est influence in differentiating the two 
sub-classes were selected using the fol-
lowing statistical tests: t-test (p-value 
<0.05), partial least square discriminant 

analysis (PLS-DA), and random forest 
(RF). While the t-test is a univariate ap-
proach that does not consider correla-
tion between features, PLS-DA and RF 
are multivariate approaches that can be 

peer-reviewed  /   analytical

Figure 4: Principal component analysis (PCA) (left) and biplot (right) for the combined terpene and cannabinoid data 
of the hemp samples evaluated. Sub-classes 1 and 2 are represented by the colors red and green in the left-hand PCA 
plot, respectively.
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Figure 5: Bar graphs representing the concentration (% w/w) for the terpene concentrations for the hemp samples 
analyzed. Each bar, which represents a sample, is in sequential order based on the sample number.
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used with collinear features. The com-
pounds commonly identified by the 
three approaches for the terpene analysis 
were cis-2-pinanol, fenchol, α-terpineol, 
and guaiol—all of which are terpenoids 
(see Figure 5 and Supplemental Table II 
available online). The results of the GC–
MS analysis of cannabinoids indicat-
ed that CBD, THC, ∆8-THC, and THCA 
were the most influential compounds 
based on all three statistical tests and 
that CBD had the greatest influence. The 
evaluation of the HPLC data revealed 
that the acid components THCA, CBDA, 
and CBCA, were the most influential be-
cause of the elevated levels in sub-class 
1. Based on the RF analysis, CBCA, CBC,
and THCA ranked as the top three fea-
tures because of the low concentration
of CBC in sub-class 1; CBDA and THCA
were elevated in sub-class 2. When the
combined results from the terpenes and
cannabinoids quantitation were evalu-
ated, the same sub-class differentiation
was evident that was determined as with
terpene data alone. The results of the
t-test, RF, and PLS-DA statistical tests
indicated that cis-2-pinanol and fen-
chol were the most influential with re-
spect to class differentiation due to low-
er concentrations in sub-class 1 samples.
To a lesser extent, α-terpineol and CBD
also affected the differentiation between
sub-classes based on the t-test and RF
evaluations. However, PLS-DA ranked
α-terpineol and THCA third and fourth
in significance, respectively.

While the results indicate that THCA 
concentrations influence the structure 
of the all-encompassing model space, 
overall, the variability in terpenoid con-
centrations, primarily those of cis-2-
pinanol, fenchol, and to a lesser degree, 
alpha-terpineol had the greatest ef-
fect on sub-class differentiation. Inter-
estingly, all three of these terpene spe-
cies are classified as monoterpenoids 
and contain a hydroxyl (OH) function-
al group with either a cyclic or bicyclic 
structural backbone (see Supplemental 

Table II available online). Concentra-
tions of terpenoids were 2.44 times 
higher in sub-class 2 than in sub-class 
1. Additionally, the monoterpene con-
centration for sub-class 1 was 1.32 times
higher than that in sub-class 2.

Conclusion
The data presented here document the 
phytochemical composition of a large 
dataset (n = 131) of Group III cannabis 
cultivars and allow for the identification of 
distinct sub-classes based on the cannabi-
noid and terpene concentrations expressed 
in individual cultivars. Weak correlations 
between individual cannabinoid and ter-
pene species were detected; however, the 
relative concentrations of monoterpenoids 
and terpenoids (cis-2- pinanol, fenchol, and 
alpha-terpineol) were the most discrimi-
native factors in differentiating individual 
cultivars into two distinct sub-classes. This 
may be important within the context of 
pharmacodynamics and potential therapeu-
tic outcomes. For example, fenchol is an an-
tioxidant, anti-inflammatory, and anti-mi-
crobial agent (8). Additionally, fenchol and 
other monoterpenoids have been found to 
have analgesic activity (9). Therefore, can-
nabis users looking for pain relief in Group 
III cannabis may benefit from selecting 
cultivars with the phytochemical signature 
of sub-class 2 hemp, which is characterized 
by higher concentrations of fenchol and 
other analgesic monoterpenoids compared 
to subclass 1 hemp. Ultimately, the more 
resolution that can be provided by cannabis 
analysis and the resulting classification, 
the better-informed cannabis users can be 
when selecting products for the treatment 
of their individual illnesses. Additional ef-
forts to characterize and quantify different 
flavonoid species in Group III cannabis may 
provide additional insight and further sub-
class differentiation.

Supplemental information
Several tables and figures mentioned 
in the text as supplementary infor-
mation can be found online at: www.

cannabissciencetech.com/view/differ-
entiation-of-group-iii-cannabis-culti-
vars-into-novel-sub-classes.
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In the fourth part of this six-part series, Cannabis Science 
& Technology sat down with Anthony Macherone, 
senior scientist and cannabis technical lead for Agilent 
Technologies to speak with Jenny Nelson and Craig 
Jones, both from Agilent’s ICP-MS scientist team, to 
discuss tools that address metals testing in the vast 
array of cannabis and cannabinoid products and a new 
cannabis ICP-MS testing method for the Association of 
Official Analytical Chemists (AOAC). 

MACHERONE: I heard you are both working on an AOAC method for 
metals in cannabis. Can you explain that process and how far along 
you are in that journey? 
NELSON: Craig and I started the process of developing an AOAC 
metals in cannabis method over a year ago. We had worked on a 
method for metals in cannabis a few years back, but when we saw the 
AOAC call for a method—which is a determination of heavy metals in 
a variety of cannabis and cannabis-derived products—we decided to 
submit our method to AOAC since it met their requirements for the 
standard method performance requirement (SMPR) 2020.001.  

The submitted method manuscript, which includes validation data, 
is reviewed by an AOAC expert review panel for consideration for the 
AOAC first action official method of analysis and is then adopted and 
published by AOAC International. For this metals in cannabis method, 
we needed to determine total cadmium, total arsenic, total lead, and 
total mercury. We have now submitted our method and it is in the 
electronic review process (ERP). Craig and I are meeting our expert 
review panel at the end of August, and it will hopefully be accepted 
for first-action status soon. After it’s accepted, we are required to do a 
reproducibility study. 

MACHERONE: You mostly talked about the big four elements. How 
many other elements can you measure?
NELSON: We can measure a lot of elements with our method. Some 
additional elements we included are antimony, barium, chromium, 
copper, nickel, silver, selenium, and zinc. We included these as 
supplementary data in the method submitted to AOAC; however, our 
ICP-MS software has a feature called IntelliQuant that screens for the 
entire periodic table—to give our users an idea of how many different 
elements can be in their cannabis and cannabis-derived products.

Part 4: Need Speed and Simplicity for Metals 
Analysis in Cannabis? High Throughput and 
a Full Cannabis Analyzer Package

MACHERONE: That makes a lot of sense. What are 
the different types of samples you studied?
NELSON: We tried to cover four different sample 
categories: inhaled products, oral products, topical 
products, and manufactured products. 

For the inhaled category, we studied hemp flower, 
CBD day oil, and hemp isolate extract. For oral 
products, we studied soft-gel capsules, tinctures, 
isolate tinctures, CBD coffee grounds, different 
butters, and seed oil. We also did different food 
products such as beef jerky, hard candy, and a 
pineapple drink, which I didn’t even know were 
options on the market. As part of the topical 
category, we looked at different balms and pain-
relief creams as well as topical oils and different 
soaps. For the manufactured category, we looked at 
biomass, spent biomass, crude extracts, and refined 
extracts distillates (i.e., distillates and isolates).

MACHERONE: What is the sample preparation for 
these different products for ICP-MS testing? 
NELSON: For ICP-MS, we use microwave digestion. A 
combination of different acids is used to digest the 
cannabis products into a clear solution that we can 
then analyze on our ICP-MS. 

For the most part, our acid combination of nitric 
acid and hydrochloric acid works well for the 
majority of these different products. We haven’t run 
into any issues yet; we’re confident with our method 
and being able to digest these huge, different 
sample types in our lab.

MACHERONE: Since you are both in the field, what 
are your experiences with Agilent customers and 
the metals testing cannabis community in general?
JONES: Our customers were excited that we could 
analyze more than the big four elements—we could 
analyze other metals on the periodic chart at the 
same time, which means we could give them a 
comprehensive view of their sample. They could 

also analyze for other nutrient elements such as 
phosphorus, magnesium, and calcium that might 
be in the soil, and then determine if any of those 
nutrients have been taken up by the plant material. 

With the IntelliQuant feature, even if they don’t 
calibrate that multitude of elements, they have the 
complete story of what’s in any sample they analyze.

MACHERONE: What advice can you offer folks on 
how to get started with metals testing and add it 
to their lab’s capabilities?
JONES: The Agilent system has a cannabis analyzer 
package. In addition to MassHunter, we have ICP Go, 
a software platform that runs on top of MassHunter 
with predefined methods. ICP Go allows an 
entry-level user to set up the analysis, set up the 
calibration standards to the associated PC, fill up 
racks with unknown samples, and press go. 

The idea behind this is a lot of cannabis labs are 
ramping up and want to get going quickly. We can 
get them started with validation within a week. 
Also, this is a browser-based platform software, 
i.e., if you’re a lab manager, you can see where the 
analysis is and that customer samples are running 
right now. Plus, it gives you the ability to tell the 
analyst to put another set of samples on because, 
“It is a priority, and we need to get that data out the 
door.” It makes things so much simpler and allows 
the customers to get up and running quickly. 
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This article series explores some of the more technical aspects of cannabis cultivation 
that growers should understand in order to run their businesses more efficiently and 

more profitably. Part IV builds on the concepts of leaf temperature, vapor pressure deficit, 
and light spectrum effects on water movement in plants. This is the most technical 

information so far and it is recommended to read the prior articles in this series to gain 
the most in-depth knowledge and understand the core concepts. 

IN NATURE, PLANTS are typically exposed to bulk 
movement of massive amounts of air as wind passes 
through the canopy. At times they may be exposed to 
gusts, which are sudden spikes in wind speed charac-

terized by peaks and lulls. In response to gusts, plants build 
hard fibers to prevent bending or breaking, which would put 
stress on the plant and inhibit the ability to harvest light. 
While this is an intelligent adaptation, it consumes quite a 
bit of energy. When available energy is consumed to build 
harder stems, growth of valuable organs such as fruits, flow-
ers, or tender leaves is slower.

In the case of cannabis cultivation, controlled, gust-
like conditions can be useful for building structure when 
it comes to density and resistance to breakage, but most 
end users are not interested in buying stems. In cannabis 
cultivation facilities, tools like trellis arrays can be used 
to control breakage. Hard stem fibers can increase prod-
uct density as less material is required to form buds, in-
creasing potency, but total production of f loral oil typ-
ically decreases. In addition, optimum photosynthetic 
rate and light absorption is achieved by allowing the leaf 
to remain perfectly placed under the light source in-
stead of f luttering around. Bulk air movement is critical 
for plants, and as long as it is consistent and mild (leaves 
f luttering intensely indicates too much air movement), 

carbon dioxide uptake and transpiration will occur at an 
optimum rate for growth. 

Understanding the Boundary Layer 
Plant leaves build up a “boundary layer” around the sto-
mata where humidity can be higher and carbon dioxide 
concentration can be lower if there is no air movement. 
This effect is more pronounced in the inner canopy where 
leaves might block the movement of air, which is why mold 
growth is more common in these parts of the plant if left 
unpruned (we’ll cover this in more detail in the final article 
in this series). 

The boundary layer needs to be broken regularly by air 
movement to ensure high carbon dioxide uptake, howev-
er the effect on plant transpiration is not quite as intui-
tive because water vapor is also a form of heat. When wa-
ter evaporates, it cools the object from which it came. 
This cooling effect will reduce the temperature of the 
leaf, which will slow down transpiration as the water mol-
ecules become less energetic and more heat must be pro-
vided by the light source or air. Increasing air velocity can 
displace moisture in the boundary layer, increasing tran-
spiration, but if sufficient airflow is already provided the 
temperature of the air must be higher than the leaf to fur-
ther increase transpiration. 

Providing Sufficient 
Airflow for  

Plant Growth Environments
SAMUEL BURGNER
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Light Intensity and Spectrum 
Light intensity and spectrum tend to be 
the most impactful plant-growth factors, 
followed by air movement, because they 
control the effects of every other factor. 
Consider the light spectral impacts on 
plant transpiration, as discussed in our 
previous article in this series (1-3). The 
low blue/green ratio of high-pressure 
sodium (HPS) lamps paired with an 
intense near-infrared peak causes plants to 
generally be at a higher temperature than 
the grow room air (+1-3 °C). Light emitting 
diode (LED) fixtures have a higher blue/
green ratio and little-to-no infrared, which 
results in plants staying cooler than the 
grow room air (-2-4 °C, depending on 
proximity to the light source). These 
spectral differences can hijack the vapor 
pressure deficit (VPD) that would control 
transpiration in a natural setting. 

As previously explained, plants cre-
ate a boundary layer around their leaves 
that needs to be broken with air move-
ment and the air conditions necessary for 
this task will differ depending on the light 
source. Plants grown under HPS lamps 
need cool air just below the room tem-
perature and relative humidity in order 
to keep the plants from getting too hot, 
whereas those grown under LED fixtures 
are more complex. Because you’ll need to 
add more heat to the plant to compensate 
for the increased transpiration rate (spec-
tral effect), the room setpoint needs to be 
higher than the target leaf temperature to 
compensate for this cooling. 

Generally speaking, HPS-grown 

plants are always getting hotter, while 
LED-grown plants are always getting 
colder because of the spectrum of the 
lamp. In one situation you are cool-
ing your plants and in the other you are 
warming them. To get this warming ef-
fect, airflow needs to be high because 
you rely on the action of convection to 
warm the plant. The longwave infrared 
emission from the objects in the room is 
not strong enough to combat the cool-
ing effect of transpiration in the lower 
canopy. Depending on spectrum, LED-
grown plants can require much more de-
humidification (this primarily applies to 
fully-grown canopies) and you need as 
much heat as possible to avoid overcool-
ing the space. 

Keep in mind that the effect of VPD 
is more pronounced at higher temper-
atures due to the water holding capac-
ity of the air, so if the leaf is heated or 
cooled too much, the transpiration rate 
changes exponentially. This impacts the 
management of both the air quality and 
movement in a space. 

Managing Air  
Quality and Movement
Consider a traditional commercial 
cannabis grow room with four pieces of 
equipment: standard off-the-shelf heat 
pumps, standalone dehumidifiers, oscillat-
ing wall fans (which are a constant source 
of stressful gusts, not bulk air movement), 
and can fans for air filtration. These sys-
tems work together to supply plants with 
conditioned air, but the plants are living 

inside the mixing chamber as opposed to 
air mixing happening inside the equipment 
and then being supplied to the room. Light 
adds heat and plants add moisture, while 
the heat pump supplies cold saturated 
air, the dehumidifier supplies hot, dry air 
and the oscillating fans attempt to mix 
this air and the filters attempt to clean it 
before it reaches the plants. This setup was 
originally created to deal with the black 
market and leads to energy inefficiency 
and inconsistent quality. 

These four primary pieces of equip-
ment discussed above can easily be 
purchased, installed, and replaced by 
cultivators, making them an attrac-
tive choice, however all of this equip-
ment can be combined into one system 
(with built in redundancy if desired) 
and separate the plants from the mixing 
chamber. Why is this important? Im-
agine what it feels like to sit right un-
der the air vent in a conference room or 
classroom—while everyone else in the 
room feels fine, you are probably freez-
ing. Your plants feel the same way when 
cold or hot air is being supplied direct-
ly on top of the canopy. The photosyn-
thetic response decreases quickly when 
the temperature drops. To mitigate this 
response, you do not need wall fans, 
you instead need to create a path of air 
movement through the room from the 
supply that will move through the can-
opy evenly. Ideally, air in the space 
should be constantly exchanged so that 
plants and lights don’t push humidi-
ty and temperature values out of range. 

“Imagine what it feels like to sit right under 
the air vent in a conference room or classroom—

while everyone else in the room feels fine, you are 
probably freezing. Your plants feel the same way 

when cold or hot air is being supplied directly on 
top of the canopy.”
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Another benefit to a high air turnover 
rate is the amount of exposure to your 
filtration equipment, whether that is 
simple particle filtration, photocatalytic 
oxidation, or both.

If you take an infrared thermome-
ter and check the temperature of your 
leaves just under the light and com-
pare it to those lower in the canopy, you 
will see why air movement is critical 
to maintain the overall productivity of 
your plant. Stomata develop in response 
to their environment. The mature lower 
leaves of a plant were at some point the 
upper leaves, so the light source they 
developed under will have determined 
the number and size of stomata. 

The internal temperature of a plant 
in most grow rooms is somewhere be-
tween the supply temperature and the 
room temperature. Light source great-
ly influences how you manage this tem-
perature and air movement controls 
how closely your plant is held to its de-
sired temperature for light intensity and 
carbon dioxide level. This is critical be-
cause if air movement is not sufficient, 
the plant will quickly get too hot (HPS) 
or too cold (LED). All light sources, 
due to the inefficient nature of turning 
electricity into photons, produce large 
amounts of heat, but the form of that 
heat can change everything about the 
grow room. Keep in mind that you have 
to cool the room air to remove moisture 
(with the exception of desiccants), so 

you need to be able to manage your en-
vironmental control systems to reheat 
and regulate moisture in the air return-
ing to the room. 

Final Thoughts
We have painted a picture of what an 
ideal situation would look like, but 
what is it that inhibits our ability to 
create these conditions and what does 
it mean for yield if we do not provide 
them? When racking systems are used 
to increase planting density on a set 
floor space, obstructions to airflow are 
created in the grow room. There are 
multiple ways to approach this issue. 
When plants are crowded into a small 
space to grow, humidity levels build 
up quickly and heat can get trapped 
within the shelves. Inline metal ducts 
with independent air movers can be 
placed above the lighting system paired 
with well-planned supply and return 
to ensure that each level of the room 
is receiving the same airflow. Another 
way to approach this issue is to use 
fabric or plastic inflatable ducts below 
the plant canopy to supply air directly 
into the canopy. This is a much cheaper 
option, but it neglects to address the 
heat buildup just below the lights. Each 
option has its pros and cons. 

Product consistency is extreme-
ly important to success and microcli-
mates have a significant impact on the 
outcome. Plants are only interested in 

the air being supplied to them, and un-
less you separate the plants from the 
air-mixing process, you have no con-
trol over what they are exposed to or 
the efficiency of your system (electrical 
costs). Your supply and return locations 
should be coordinated with an airflow 
path through your grow room that con-
siders any obstructions and how that 
might change as plants mature. 

Installing environmental control 
equipment isn’t just centered around 
feeling good about your setpoints, it is 
about increasing carbon dioxide con-
sumption (the biggest factor driving 
growth) and decreasing the energy load 
on your heating, ventilation, air condi-
tioning and dehumidification (HVACD) 
system by using less water and elec-
tricity while still encouraging plants to 
grow larger and more uniformly. Con-
sider the impact of your preferred light-
ing source on your cooling and dehu-
midification requirements, and most 
importantly, give all of your plants an 
air flow pattern that suits the optimum 
growth of your desired end product. 
Sufficient air velocity means just break-
ing through the boundary layer around 
the stomata—any further and you risk 
decreasing yield. 
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Here we describe the applicability of Carbon-14 testing for determining the natural content 
of cannabidiol (CBD) products and ingredients. Carbon-14 natural product testing is useful for the 

detection of adulteration of natural ingredients in materials such as plant extracts, flavors, fragrances, 
supplements, cosmetics, and essential oils.

Authenticating the  
Natural Content of CBD Products

JORDAN TURNER
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“Confirming your 
ingredients  are natural-

derived via natural 
product analysis dispels 

uncertainties in 
marketing and labeling 
claims and ensures CBD 

products are free of 
synthetic adulterants.”

THE NATURAL CONTENT of cannabidiol-based 
(CBD) ingredients can be validated via carbon-14 
analysis. The method measures levels of carbon-14 
to identify the percentage of naturally sourced ma-

terial in an ingredient or product (1). The results can be used 
by manufacturers and distributors to reliably confirm that 
their CBD extract and products are naturally sourced. Test-
ing also alerts to the presence of petrochemical-derived adul-
terants in product ingredients. Verifying the content of CBD 
products using carbon-14 testing substantiates “natural” 
claims on product labeling and in marketing schemes. 

Carbon-14 Analysis as a Tool 
for Authenticating Your Natural CBD Products
Carbon-14 is an isotope present in all materials that are 
sourced from nature of plant or animal origin. All living or-
ganisms possess carbon-14 in known amounts while materials 
that are petrochemical-derived do not contain carbon-14 
because they decayed out of the carbon cycle long ago. The 
percentage of carbon-14 present in an ingredient or product 
can be measured using natural product analysis, revealing 
how much of the material is natural-sourced or biobased. Less 
expensive, synthetic alternatives originating from petro-
leum-based sources can be distinguished from natural-de-
rived materials because they no longer contain carbon-14. 

Carbon-14 analysis is the only way to determine if a materi-
al contains petroleum-derived adulterants as opposed to natu-
ral-sourced ingredients (2). A result of 100% biobased content 
proves a material is completely natural-sourced. A product 
with a low or zero percentage of biobased content is made ei-
ther in whole or in part of petrochemical-derived alternatives. 

Why Verify the Natural 
Content of Your Products?
Authentication of the natural content of your CBD extract 
and products is a beneficial tool in support of quality control 
and marketing efforts. Products containing CBD have been 
attracting more and more interest in recent years. The market 
size is expected to increase at a growth rate of more than 20% 
annually between 2021 to 2028 (3). Demand for CBD extract 
in a wide variety of personal care, cosmetics, supplements, 
and food and beverage products creates the temptation for 
manufacturers to take shortcuts in product development by 
replacing more costly natural ingredients with cheaper, syn-
thetic alternatives (4). Additionally, the popularity of natural 
products and an increase in consumer interest and demand 
heightens the possibility for falsification of product labeling. 
This leads to claims that products are made with natural 
ingredients when they are actually formulated with petro-
leum-derived ingredients. 

Natural product testing provides scientific validation to 
ensure your CBD extracts and product ingredients are tru-
ly natural. You can be certain your products and ingredients 
are not adulterated with petroleum-derived synthetics by 
measuring their carbon-14 content. Quality assurance teams 
can rely on natural product analysis to identify the presence 
of natural versus artificial ingredients in their products be-
fore they reach consumers.

Conclusion 
Measuring the natural content of your CBD products with 
carbon-14 testing provides reliable verification of the prod-
uct’s natural source. Confirming your ingredients are natu-
ral-derived via natural product analysis dispels uncertainties 
in marketing and labeling claims and ensures CBD products 
are free of synthetic adulterants.
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HYDROCARBON EXTRACTS ARE immense-
ly popular with both medical and adult-use 
cannabis consumers. As the cannabis space 
has advanced, it has developed good manu-

facturing practices (GMP) akin to other industries such 
as food production. 

Hydrocarbon extraction processes for cannabis have ex-
panded with scope and sophistication. Yet, with so much 
available information on the topic today, cannabis compa-
nies sometimes have difficulty knowing what methods and 
equipment are best for their needs. This tutorial will re-
view hydrocarbon extract filtration to better clarify this 
critical step in the manufacturing process. 

Today’s commercial producers used closed-loop ex-
traction systems to produce hydrocarbon extracts safely. 
Closed-loop extractors utilize either an inline dewaxing 
system or an additional winterization to chill materials 
to the required temperatures for filtration. Each of these 
practices has its filtration equipment and media. 

What are Hydrocarbon Extracts?
Hydrocarbon extracts are typically made from butane or 
propane. Consumers enjoy hydrocarbon extracts because 
of their high quality and purity. Some of the most popular 

hydrocarbon extracts on the market are sauces, batters, 
shatters, crumbles, waxes, and sugars. Hydrocarbon ex-
tracts are also commonly infused in cannabis edibles. 

Because butane and propane are highly volatile, hydro-
carbon extracts can be hazardous if not handled proper-
ly. However, modern extractor companies have worked 
tirelessly to develop safe equipment for the hydrocarbon ex-
traction process (1). Today, hydrocarbon extracts are com-
mercially manufactured under the heavily regulated aus-
pices of state cannabis compliance agencies and accepted 
industry GMPs. 

Closed-Loop Extraction Machines 
Closed-loop extractors are the industry standard for 
hydrocarbon extraction methods. With closed-loop sys-
tems, volatile hydrocarbons such as butane and propane 
never make contact with the open-air. By keeping these 
volatile compounds contained, closed-loop machines 
make hydrocarbon extraction much safer than in the 
early days of the industry. 

Most closed-loop hydrocarbon extractors on the mar-
ket today are certified for safety standards. Popular cer-
tifications for hydrocarbon extraction equipment are 3-A 
Sanitary Standards, Inc. (3-A), National Fire Protection 

This article provides an overview of standard hydrocarbon extract filtration equipment 
and media. Due to the quality products they produce, closed-loop hydrocarbon extraction 

methods are widely popular in the cannabis industry. To make the purest extracts 
possible, producers opt to filter cannabis oil to remove excess plant materials. Filtration 
methods vary according to the chosen extraction equipment and the type of products 
being made. In this tutorial, we review extract filtration processes for inline dewaxing 

systems versus those that utilize winterization. By assessing and comparing these 
essential elements in hydrocarbon extraction, we help current and future cannabis 

companies better understand their options for extract filtration. 

The Correct Filtration Tools 
for Hydrocarbon Extracts 

DOMINICK MONACO
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Association (NFPA), Pressure Safety Inspectors (PSI), and 
The American Society of Mechanical Engineers (ASME) (2–5).

 
What Does it Mean to  
Filter Hydrocarbon Extracts? 
To make the purest cannabis products possible, producers filter 
hydrocarbon extracts during manufacturing. Filtration meth-
ods and equipment vary with the cannabis biomass in question 
and the desired end product type. Nonetheless, the fundamen-
tal scientific principles for filtering hydrocarbon extract remain 
the same regardless of equipment, biomass, and product. 

Hydrocarbon extracts are filtered to remove excess plant ma-
terials (6). Notably, chlorophyll, lipids, and other plant parti-
cles negatively affect the taste and color of hydrocarbon extracts. 
With a growing interest in product purity in cannabis, effective 
filtration has taken on a new level of significance in recent years.

The filtration process for hydrocarbon extracts begins af-
ter the solvent has passed through the biomass. With the sol-
vent housing, both valuable cannabinoids and excess materi-
als such as chlorophyll, it is ready to be filtered. 

Extremely cold temperatures are required for the filtration of 
hydrocarbon extracts to take place. For the best results, tempera-
tures should be at a consistent -60 °C for both the solvent and bi-
omass; when the extract reaches this temperature, fats and lipids 
containing unwanted plant materials are not solvated by the hy-
drocarbons. Any frozen fats and lipids that may be extracted can 
then be filtered from the rest of the hydrocarbon extract. 

If done correctly, the filtration process should result in a clear, 
amber-colored extract free of chlorophyll and other particulates 
that will give it a bitter taste (6). 

Inline Dewaxing and Hydrocarbon  
Extraction and Filtration 
Extractors with inline dewaxing systems can extract, cool, and 
filter hydrocarbon extracts without the added step of winteri-

zation. Whether with butane or propane, inline extractors can 
accomplish the hydrocarbon extraction process without mixing 
an additional solvent. 

The most identifiable element of extractors with inline de-
waxing systems are dewaxing columns. Dewaxing columns are 
the part of extraction machines responsible for chilling the sol-
vents and biomass to -60 °C. The columns are located between 
the solvent tank and collection plate on closed-loop extractors. 

The dewaxing columns are surrounded by a jacket packed 
with extremely cold materials such as dry ice, chilled alco-
hol, or liquid nitrogen. When the hydrocarbon extract passes 
through the dewaxing column, it reaches -60 °C and freezes 
fats and lipids in preparation for filtration. 

Certain manufacturers prechill their biomass to -80 °C before 
extraction, on top of chilling the dewaxing column themselves. 

The cannabinoid-rich solvent can then be passed through 
a filtration media such as activated carbon, bentonite clay, 
silica, or diatomaceous earth to remove unwanted materials. 
The required media varies depending on the type of biomass 
and desired end product. 

The Correct Filtration Tools  
for Inline Dewaxing 
Extremely cold temperatures are essential when it comes to fil-
tering hydrocarbon extracts. The correct filtration tools for the 
process are dedicated to either cooling the solvent or filtering it 
after adequately cooling it. 

Products made from extractors with inline dewaxing systems will 
utilize a combination of the below filtration equipment and media. 

Filtration equipment for inline dewaxing: 
• �Column remediation columns 
• �Cooling materials (dry ice, chilled alcohol, liquid nitrogen) 
• �Inline baffle and bead kits 
• �Micron and submicron mesh screens 

Filtration media for inline dewaxing: 
• �Diatomaceous earth
• �Activated carbon
• �Bentonite
• �Silica
• �Alumina
• �Molecular sieves 

Winterization and  Hydrocarbon 
Extraction and Filtration 
Extractors that aren’t integrated with dewaxing columns must add 
the additional winterization step to get solvents and biomass 
down to -60 °C for filtering. Unlike those made with dewaxing 
columns, hydrocarbon extracts made via winterization must be 
mixed with another solvent—commonly ethanol. 

With the establishment of 
GMPs in hydrocarbon 
extraction, our focus 
is beginning to shift 
from safety to product 
quality.
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To winterize a hydrocarbon extract, it is moved to a reac-
tionary vessel after the solvent has passed through the solvent 
tank and into the collection plate. The entire vessel is then 
moved to a winterization freezer and brought down to -60 °C. 
In time, a layer of fats and lipids form on top of the ethanol, 
and the mixture is ready for filtration. 

To filter the extract after it has undergone winterization, it is 
poured through micron filters. After that, processors utilize vac-
uum pumps to pull extracts through a Buchner/Hochstrom de-
vice and filter paper. To catch the finest particulates, some man-
ufacturers line filtration paper with diatomaceous earth. 

The Correct Filtration Tools for Winterization 
As seen with inline dewaxing systems, extremely cold temperatures 
are also vital in filtering through winterization. The primary dif-
ference between inline dewaxing and winterization has to do with 
how the cold temperatures are achieved. 

Hydrocarbon extracts created through winterization gener-
ally utilize a combination of the below items. Nonetheless, each 
manufacturer likely has additional pieces of equipment they 
deem necessary in the process of winterization. 

Filtration equipment for winterization: 
• �Ethanol
• �Reactionary vessel
• �Winterization freezer
• �Micron and submicron plates or paper 
• �Vacuum pump
• �Buchner/Hochstrom device 

Filtration media for winterization: 
• �Filter paper
• �Diatomaceous earth 
• �Activated carbon 

Conclusion 
With the establishment of GMPs in hydrocarbon extraction, our 
focus is beginning to shift from safety to product quality. As equip-
ment manufacturers and regulatory agencies have worked together 
to provide safe parameters for hydrocarbon extraction, there is 
now ample room for producers to master their craft. 

While the filtration of hydrocarbon extracts was often 
deemed unnecessary in the industry’s early days, it is growing 
increasingly important today. Whether with edibles or pure 
extracts, consumers are more interested in cannabis product 
purity than ever before. 

To achieve the best results possible with hydrocarbon extrac-
tion, producers must have the correct equipment and media for 
the job. Looking at both inline dewaxing systems and winteriza-
tion, some careful study can guide cannabis businesses to utilize 
the best tools possible. 
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DIFFICULT TO MILL SAMPLES?

PULVERISETTE 
11 KNIFE MILL. 
Analytical prep or 
batch process on 
flower, leaf, stems/
stalks, edibles, 
isolates, and more. 
Reduced particle 
size, homogenize, and 
achieve representative 
samples from variable 
materials. Mill difficult 
samples with cryogenics. Liquid nitrogen or dry 
ice create fine particles from moist, oily, or tacky 
samples. Single use and reusable vessels process 
<40 ml-1400 ml. GLP principles create consistent, 
reproducible, and homogenous results. Maintain 
product integrity with a mill ideally suited and 
configured for your feed stock. Easy to program 
SOPs in your process contribute repeatability and 
uniformity, delivering higher levels of accuracy. 
Ensure quality and safety.

SERVICES SPOTLIGHT

FRITSCH MILLING & 
SIZING, INC.
919-229-0599
57 Grant Drive, Suite G
Pittsboro, NC  27312
www.extractionsbestbud.com
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CHIEF SERVICES SUPPORTED
World-class application and service support are 
what set CEM apart from other instrument man-
ufacturers. Our mission is to simplify your test-
ing procedures with easy-to-use systems that 
do the work for you. With built in methods, on-
board support videos, and live applications and 
service support ready to help when you need it 
most, CEM is your partner in sample prep.

MAJOR PRODUCTS
• �MARS 6: Microwave digestion system for 

trace metals sample prep of all cannabis 
and cannabis containing products. 

  �The simple-to-use system has a built in 
cannabis method that applies the appro-
priate amount of power to digest your en-
tire batch of mixed cannabis and hemp 
products giving the highest throughput of 
any digestion system available. The MARS 6 
is not only easy to use but it is easy on your 
bottom line.

• �EDGE: Automated extraction system for 
potency, pesticides, terpenes, and myco-
toxins. The EDGE automatically performs 
solvent addition, sample extraction, filtra-
tion, and cooling in as little as 5 minutes.

STATES SERVED
Nationwide

CEM Corporation
COMPANY DESCRIPTION
CEM Corporation is a leading global company specializing in scientific solutions for critical laboratory applications. We design 
and manufacture systems for analytical laboratories, life sciences, and processing plants worldwide. Our product portfolio 
includes innovative instrumentation for sample preparation for analysis of heavy metals, pesticides, potency, and mycotoxins.

We have been deeply involved in the cannabis industry for many years and are familiar with testing procedures and 
regulations. We are founding members of many cannabis committees that are working on standardization of testing and 
reporting of data. We are passionate about transcribing this information into systems to help your business grow and have 
the knowledge to support you along the way.

CEM CORPORATION

3100 Smith Farm Road
Matthews, NC 28104
USA

telephone
toll free: (800) 726-3331 
(704) 821-7015
fax: (704) 821-7894

email:
info@cem.com

locations of other 
offices and facilities
France, Germany, Ireland,
Italy, Japan, United Kingdom,
Local agency representatives

www.cem.com

ANALYTICAL INSTRUMENTS

mailto:info@cem.com
http://www.cem.com
http://www.cem.com
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CHIEF SERVICES SUPPORTED
Chem Service, Inc., produces high purity chem-
icals for use as reference materials and for 
other laboratory purposes. More than 95% of 
their standards grade materials have a certi-
fied purity of 98.0% or greater. Standards-grade 
chemicals are clearly labeled with an expira-
tion date that is based on years of experience 
in handling and testing. Products are packaged 
in small quantities to minimize storage, waste, 
and disposal requirements. Organic and inor-
ganic chemicals, solutions, and mixtures are 
available to meet a wide range of specialized 
laboratory needs.

MAJOR PRODUCTS
• Pesticide residue standards
• Metabolite standards
• Cannabis pesticide standards
• Residue solvent standards
• Terpene standards
• Flame retardants/PBDE
• EPA standards

• USP standards
• ISO standards
• DIN standards
• Explosive residues
• PCB congeners
• Petroleum hydrocarbons
• Fatty acid methyl esters
• High purity inorganics
• Surfactants
• Anti-oxidants
• Ultraviolet inhibitors
• Plasticizers
• Biological stains
• Phthalate standards
• Polynuclear aromatics
• Vitamins
• Carbohydrates standards
• Forensic standards
• Personal care product standards

STATES SERVED
US and international

Chem Service, Inc.
COMPANY DESCRIPTION
Established in 1962, Chem Service is accredited for ISO 17034 and ISO 17025 and registered and certified to the ISO 9001 
Quality Management System for the design, development, production, distribution, and servicing of organic neat and 
synthetic reference materials.

ANALYTICAL INSTRUMENTS MANUFACTURING & PROCESSING OTHER SERVICES

CHEM SERVICE, INC.

600 Tower Lane
West Chester, PA 19380
USA

telephone
toll free: (800) 452-9994 
(610) 692-3026

fax: (856) 692-1788

email:
info@chemservice.com

www.chemservice.com
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PRODUCT & SERVICE PORTFOLIO
• �Quality assurance testing supplies
• �Chromatography equipment
• �Certified reference materials
• �Proficiency tests
• �Microbiological supplies
• �Solvents and reagents
• �Glassware

Life Science Research Products
• �Agonists and antagonists
• �Antibodies and conjugates

Laboratory & Facility Build-out
• �Equipment, furniture, and hoods

Industrial Health & Safety Supplies

Extraction & Manufacturing
• �Chillers and temperature control
• �Ovens and freeze dryers
• �Milling and homogenizing
• �Terpenes and formulations
• �Rotary evaporators
• �Silica and filter media
• �Bulk solvents

ILC/PT program for cannabis and hemp  
testing facilities.
Learn more at EmeraldTest.com.

Cannabis Technical & Educational Resources
Join us at EmeraldCommunity.net today!

Emerald Scientific 
Scientific supplies, equipment, and technical expertise

COMPANY DESCRIPTION
Emerald Scientific is dedicated to promoting collaboration, transparency, and the evolution of cannabis science by supporting 
research, testing, production, and extraction. We source and distribute the widest variety of scientific products, supplies, and 
equipment specifically tailored to the cannabis and hemp industries.

EMERALD 
SCIENTIFIC

11573 Los Osos Valley Rd
San Luis Obispo, CA 93401
USA 

telephone:
(877) 567-3598

email:
info@emeraldscientific.com

key personnel:
Ken Snoke, Founder
Leigh White, CEO
Wes Burk, President
Kirsten Blake, Vice President

States Served
U.S., Canada, International

EmeraldScientific.com

ANALYTICAL  
INSTRUMENTS

ANALYTICAL  
TESTING LAB EXTRACTION MANUFACTURING 

& PROCESSING CONSULTINGCULTIVATION/ 
GROWING

OTHER 
SERVICES

mailto:info@emeraldscientific.com
https://emeraldscientific.com/
https://emeraldscientific.com/
https://pt.emeraldscientific.com/
https://pt.emeraldscientific.com/
https://community.emeraldscientific.com/
https://community.emeraldscientific.com/
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ANALYTICAL  
INSTRUMENTS

ANALYTICAL  
TESTING LAB EXTRACTION MANUFACTURING &  

PROCESSING
OTHER 

SERVICES

SERVICES SUPPORTED
North Carolina based proof of concept lab. 
Sample trials in our instruments to Identify 
the ideal instrument configuration for your 
application. 

MAJOR PRODUCTS
Pulverisette 19 Precision Cutting Mill, Pulverisette  
11 Knife Mill with cryo-options, Pulverisette 14 
Rotor Mill,  Analysette 22 & 28 Particle analysis 
instruments. 

STATES SERVED
Worldwide

Fritsch Milling & Sizing, Inc.
COMPANY DESCRIPTION
Since 1920, Fritsch has engineered and manufactured a wide range of milling and grinding systems for agricultural, food, and 
pharmaceutical applications. The PULVERISETTE 19 Precision Cutting Mill System sets a standard with controllable particle 
size output, reproducible performance regardless of user, throughput of 1–8 lb/min avg., heat mitigation, dust-free, easy 
cleaning design. Scientific studies demonstrated no loss of cannabinoids or terpenes. Oil extractions and preparation of 
pre-rolls or other ingredients can be optimized. For the analytical testing laboratory, Fritsch offers several cryogenic milling 
options for individual flower or edible samples. For high-throughput the VHF hopper feeder system can be added to the P19.

FRITSCH MILLING & 
SIZING, INC.

57 Grant Drive Suite G
Pittsboro, NC 27312
USA

telephone:
919-229-0599 

email:
info@fritsch-us.com

key personnel:
Melissa Fauth, President & CEO
Jeff Scott, Business Development Mgr.
Nicki Janus, Administrative Manager

www.extractionsbestbud.com

locations of other offices  
and facilities:
USA headquarters and applications 
laboratory in North Carolina. Global 
headquarters in Germany. Additional 
company offices in China, Asia Pacific, 
Russia, and France.

mailto:info@fritsch-us.com
http://www.extractionsbestbud.com
http://www.extractionsbestbud.com
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Restek Corporation
COMPANY DESCRIPTION
Restek is a leading developer and manufacturer of chromatography columns, sample preparation and collection products, 
reference standards, and instrument accessories. We are an independent, international, and diverse team of employee-
owners not bound to a specific brand of instrument or geographic region. And our passion extends beyond our science and 
making innovative products that enable great chromatography; we are just as committed to providing exceptional "Plus 1" 
customer service that exceeds your expectations.  

From LC and GC columns to sample preparation, reference standards to accessories, Restek is your first and best choice for 
chromatography products, applications, and expertise. 

ANALYTICAL INSTRUMENTS

CHIEF SERVICES SUPPORTED
Restek provides the industry with accurate, fast, 
and reliable analytical testing workflows. We 
support this in Restek blogs, application notes, 
presentations at conferences and seminars, 
customer visits, and webinars.

MAJOR PRODUCTS
Restek offers cannabis workflow testing solu-
tions and analytical consumables for potency, 
terpenes, pesticides, residual solvents, and my-
cotoxins. These products include CRMs, sample 
prep, columns, and application notes for vari-
ous testing methodologies.

STATES SERVED
International

RESTEK 
CORPORATION

110 Benner Circle
Bellefonte, PA 16823
USA

telephone:
(800) 356-1688

fax: (814) 353-1309

email:
support@restek.com

key personnel:
Rob Freeman, Director of 
Business Development 

www.restek.com

mailto:support@restek.com
http://www.restek.com
http://www.restek.com
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ANALYTICAL INSTRUMENTS

MAJOR PRODUCTS
Amongst others, SepSolve offers a product 
package specifically for the profiling of canna-
bis terpenes. This comprises INSIGHT® GC×GC 
flow modulation, which resolves co-elutions 
between terpenes and terpenoids;  
BenchTOF2™ mass spectrometer, which pro-
vides reliable identification and quantitation 
of terpenes, while also screening for other 
aroma-active compounds (e.g. esters);  
Tandem Ionisation® for BenchTOF™ , which 
simultaneously acquires both ‘soft EI’ and reg-
ular 70 eV mass spectra, to aid identification 
of challenging compounds, such as isomers; 
ChromCompare+™ software, which provides 

fully automated sample comparisons for easy 
visualisation of trends and differences across 
cannabis strains.

STATES SERVED
Global  

SepSolve Analytical Ltd
COMPANY DESCRIPTION
SepSolve Analytical Ltd is a specialist in providing product and application packages for GC analysts, which extract 
maximum analytical data and deliver faster throughput for both research and routine GC applications. Addressing the 
whole workflow process, from sampling to detection, SepSolve provides instrumentation, accessories, and know-how for 
every step of the process. Its wide range of options include sample preparation equipment, robotic autosamplers, thermal 
desorption instruments, GC×GC technology, TOF mass spectrometers with Tandem Ionisation® (simultaneous hard- and 
soft-ionisation technology), and powerful data analysis software packages. SepSolve is part of the Schauenburg Analytics 
Ltd group of companies.

SEPSOLVE 
ANALYTICAL LTD

4 Swan Court, Cygnet Park
Peterborough PE7 8GX UK

telephone: +44 (0)1733 669222

email:
hello@sepsolve.com

key personnel:
Bob Green, Sales & Business 
Development Manager
Laura McGregor, Product 
Marketing Manager
Matthew Edwards, Business 
Development, Americas

other offices and facilities 
Offenbach am Main, Germany 
telephone:  
+49 (0)69 668 108 920 
 
Waterloo Ontario, Canada 
telephone:  
+1 519 206 0055

www.sepsolve.com/

mailto:hello@sepsolve.com
http://www.sepsolve.com/
http://www.sepsolve.com/
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Technobis Crystallization 
Systems BV
COMPANY DESCRIPTION
Technobis Crystallization Systems is a world leading technology provider for solid-state research, process development, 
and formulation. Our mission is to help research succeed!

Since 2005, platforms for accelerating crystallization research have been successfully developed and installed in nearly 
every pharmaceutical research lab in the world. With many sold instruments in the field, a large community of scientists 
have been enabled to make a significant contribution to the accelerated development of new pharmaceuticals. In the last 
few years, new applications have been developed in agrochemical, fine chemical, military and (bio) fuel research, food and 
personal care creating new markets focused on understanding the importance of crystallization research.

ANALYTICAL INSTRUMENTS

SERVICES
With the Technobis Crystallization Systems 
workflow, scientists are now able to perform 
well controlled crystallization studies from 
hit and lead identification up through process 
scale up and formulation. Combine the Crystal-
Breeder, Crystal16, and Crystalline in a flexible 
configuration to optimize solid-state success!

Drug substance development is continuous 
troubleshooting and risk management. In the 
initial R&D phase, crystallization is used as 
purification and isolation method for the com-
pound. Next, in parallel with the process de-
velopment, the solid-state chemistry manag-
es your drug's physchem properties by finding 
the polymorph that will give the perfect bal-
ance between stability, solubility and perme-
ability. Once the first GMP batches have been 
produced and the first clinical studies suc-
cessfully completed, a full IP screen will pro-
vide the overview of additional crystalline pol-
ymorphs, salts, co-crystals and amorphous 
forms. Technobis crystallization instruments 

TECHNOBIS 
CRYSTALLIZATION 
SYSTEMS BV

Pyrietstraat 2
Alkmaar 1812SC 
The Netherlands

telephone+31 72 3020040 

email:
info@crystallization 
systems.com

key personnel:
Carmen Guguta,  Global  
Head of Business Develop-
ment and Marketing  
Dr Thomas Kendall,  
Application specialist 
Dr Dan Dumitrescu,  
Application specialist

www.crystallization 
systems.com

help scientists around the world speed their 
molecules through development for commer-
cial success!

PRODUCTS
The CrystalBreeder is the first crystallizer ded-
icated for both development and discovery, 
carrying out complete crystallization screens 
with as little as 1mg of sample.

The Crystal16® parallel crystallizer is a 
multiple reactor station providing a screen-
ing solution for solubility determination, sol-
id-state research and process development: 
medium-throughput crystallization studies at 
a 1ml scale.

With 8 independently controlled reactors 
and additional analytical capabilities, the Crys-
talline™ is a unique modular product line at a 
working volume of 5 ml for solid-state research, 
process development and formulation research.

STATES SERVED
Nationwide for the US

https://www.crystallizationsystems.com/home
https://www.crystallizationsystems.com/home
mailto: info@crystallizationsystems.com
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CHIEF SERVICES SUPPORTED
UCT has 30+ years of experience as the pre-
mier supplier for chromatography consum-
ables. We combine this with world class tech-
nical support and application development.

MAJOR PRODUCTS
• ENVIRO-CLEAN® C18 SPE cartridges
• Chlorofiltr® Sorbents
• QuEChERS

• Quick QuEChERS
• Syringe Push-Thru cartridge formats
• LipiFiltr®
• SpinFiltr®
• SELECTRA® HPLC columns

STATES SERVED
Nationwide and international through  
distribution.

UCT, Inc.
COMPANY DESCRIPTION
UCT, LLC UCT is a vertically integrated manufacturer and supplier of chromatography products for the cannabis 
testing industry. We offer the largest selection of QuEChERS, solid-phase extraction products, UHPLC and HPLC 
columns. Featured products for the cannabis industry, unique to UCT, include Chlorofiltr®, for the selective removal 
of chlorophyll from cannabis extracts, SpinFiltr®, which combines dSPE clean-up and 0.2 μM filtration in a single step, 
and, LipiFiltr®, our targeted cleanup cartridge for the analysis of pesticides in oil-based cannabis products.

UCT, INC.

2731 Bartram Rd.
Bristol, PA 19007
USA

telephone: (215) 781-9255
toll free: 1-800-385-3153
fax: (215) 785-1226

email:
info@unitedchem.com

locations of other
offices and facilities:
Lewistown, PA | (717) 247-0109 
Wexford, Ireland

key personnel:
Bethany Magrann, President 
Alyssa Selvaggio, Marketing 
Specialist 
Chris Embert, Graphic 
Specialist

www.unitedchem.com

ANALYTICAL INSTRUMENTS EXTRACTION CONSULTING

mailto:info@unitedchem.com
http://www.unitedchem.com
http://www.unitedchem.com
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CHIEF SERVICES SUPPORTED
The cannabis industry is growing – so is the need 
for quality assurance and safety standards. Our 
comprehensive approach to standards develop-
ment allows businesses to improve quality control 
while also enhancing safety. With services ranging 
from training, proficiency testing, and certification 
programs to advisory, sales, and marketing solu-
tions, our holistic outlook provides confidence and 
credibility for industry stakeholders. ASTM Interna-
tional Committee D37 on Cannabis includes 1000+ 
members from 30 countries – experts from all parts 
of the industry. We welcome anyone with interest in 
creating safety standards for the cannabis industry 
to join us. Learn more at www.astmcannabis.org. 

MAJOR PRODUCTS
• �Cannabis Standards – 30+ standard test 
methods, practices, specifications, and guides 
for cannabis and hemp including indoor and 
outdoor agriculture, processing and handing, 
security and transportation, quality manage-
ment, personnel training and credentialing, 
plus 100+ standards in development 

• �Hemp Flower Proficiency Testing Program - 
Labs worldwide turn to ASTM International for 
all their proficiency testing needs. Our testing 
solutions reflect real-world processes, helping 
cannabis and hemp businesses gain actionable 
insights and produce quality products. Use our 
proven statistical quality assurance (SQA) tool 
and standards developed by ASTM Interna-
tional Committee D37 on Cannabis to measure 
your performance in testing samples for vari-
ous factors, including potency (cannabinoids), 
pesticides, residual solvents, moisture content, 

water activity, terpenes and terpenoids, myco-
toxins, trace elements, and more.

• �CANNQ/HEMPQ Certification Program - We 
help all cannabis and hemp producers meet 
and exceed best practice standards by follow-
ing Good Manufacturing Practices (GMP), en-
suring only consistent and safe products are 
available in the marketplace. A growing list of 
states are requiring GMP systems in cannabis 
regulations. Getting certified with ASTM gives 
you independent scientific evidence that your 
products and facilities adhere to the strictest 
industry standards and meet regulations. This 
unique program features full quality audits of 
policies and facility operations. All aspects of 
your production operation plus quality and 
compliance will be examined.

STATES SERVED
US and international

ASTM International 
COMPANY DESCRIPTION
ASTM International is the standards leader in 150 global industries. Leveraging our 120-year history and a consensus-
based approach, ASTM develops standards that give equal weight to the needs of all industry stakeholders. Over 12,500 
ASTM standards operate globally. Defined and set by us, they improve the lives of millions every day. Combined with our 
innovative business services, they enhance performance and help everyone have confidence in the things they buy and 
use. Our volunteer members are producers, users, consumers, government, and academia from more than 140 countries. 
ASTM International offers global access to fully transparent standards development, resulting in the highest technical 
excellence in standardization.

ASTM 
INTERNATIONAL

100 Barr Harbor Drive
West Conshohocken, PA  
19428-2959, USA

telephone: 1-877-909-2786
toll free: 1-877-909-2786

fax: +1-610-832-9555

email:
sales@astm.org

www.astmcannabis.org

CONSULTING OTHER SERVICES

http://www.astmcannabis.org
mailto:sales@astm.org
http://www.astmcannabis.org
http://www.astmcannabis.org
http://www.astmcannabis.org
http://www.astmcannabis.org
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SERVICES
• Project Management
• Engineering and Design
• Installation and Start-Up
• On-Site Training
• Short and Long Term Support

PRODUCTS
• �Bulk Gas Phase CO2 Supply System best 

suited for Extraction Equipment of 40 Lit-
ers or Larger.

• �Bulk Liquid Phase CO2 Supply System best 
suited for Extraction Equipment of 40 

Liters or Larger.
• �Bulk Supercritical Phase CO2 Supply Sys-

tem best suited for Extraction Equipment 
of 40 Liters or Larger.

• �CO2 Linear Manifold and Stand System is 
best suited for Extraction Equipment of 10 
Liters to 40 Liters 

STATES SERVED
USA

EXTRACTCOA,  
A DIVISION  
OF WELDCOA   

335 East Sullivan Road, 
Aurora IL 60505

telephone:
630-806-2000

email:
solutions@weldcoa.com 

key personnel:
Hector Villarreal, President 
and Co-Owner of Weldcoa 
Maynard “Bud” Klotz, Vice 
President and Co-Owner  
of Weldcoa 
Robert Ranc, Director of Sales

www.extractcoa.weldcoa.com 

Extractcoa, A Division of Weldcoa
COMPANY DESCRIPTION
Extractcoa is a new division of Weldcoa; a long standing, trusted leader in cryogenics, high pressure liquids and 
compressed gas. We are a US manufacturer that designs, engineers, manufactures, programs, and tests our equipment and 
automation in-house. Since 1968 we’ve engineered solutions, manufactured equipment, and provided uncompromising 
service to our customers, who use gases in the production of their products. If it involves gases, we can help. Our history 
of innovation has always been driven by the needs of our customers. As new applications for high pressure gases, 
cryogenics, high pressure liquids and supercritical fluid began to emerge, we met the challenge with effective solutions 
to deliver on the growing demand in emerging markets. Constant innovation has become our hallmark, one which our 
customers have grown to depend upon, and so can you. 

EXTRACTION MANUFACTURING  
& PROCESSINGCONSULTING OTHER  

SERVICES
CULTIVATION/ 

GROWING

mailto:solutions@weldcoa.com
http://www.extractcoa.weldcoa.com
https://extractcoa.weldcoa.com/
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MANUFACTURING & PROCESSING

Charles Ross & Son Company
COMPANY DESCRIPTION
As the world’s largest and most experienced manufacturer of mixing and blending systems, Ross has helped thousands of 
companies to expand their product lines and perfect their processes. With a diverse line of equipment, our products can 
serve in a variety of cannabis-related applications, and we can often ship immediately from stock. Choose from R&D and 
small-batch models, scaling-up to full production models. Specialty vessels and control systems are also available. Call to 
arrange a no-charge test in our NY-based lab, or a trial rental in your facility.

MAJOR PRODUCTS
• �Laboratory High Shear Mixers — 

power, precision, and versatility 
for developing and manufactur-
ing of cannabis products in small 
batches.

• �Multi-Shaft Mixers — batch-pro-
cess topical lotions, balms, and 
gels with multiple change-cans on 
one production line.

• �Double Planetary Mixers — mix 
high-viscosity formulations effort-
lessly.

• �Ribbon Blenders — lab and pro-
duction blending for baked goods, 
beverages and supplements. 
Available with optional spray bar.

STATES SERVED
Worldwide

CHARLES ROSS 
& SON COMPANY 
(ROSS MIXERS)

710 Old Willets Path
Hauppauge, NY 11788
USA

toll free: 800-243-ROSS 
telephone: 631-234-0500 
fax: 631-234-0691

email:
mail@mixers.com

key personnel:
Ken Langhorn, VP Sales

www.mixers.com

mailto:mail@mixers.com
http://www.mixers.com
http://www.mixers.com
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MANUFACTURING & PROCESSING

High Yield Solutions Corp.
COMPANY DESCRIPTION
Recognizing the need for industrial duty cannabis processing and handling equipment, High Yield Solutions Corp. was 
formed. We are a leading US manufacturer of industrial cannabis shredding and processing equipment. We have significant 
experience with cannabis applications paired with a reputation for providing quality equipment that will stand up to the 
demands of the industry. We look forward to bringing high quality equipment to the industry to help our customers with 
all their processing equipment needs.

HIGH YIELD 
SOLUTIONS CORP. 

Alpena, MI 49707 USA

telephone:
(989) 340-6698

email:
hysc-sales@ 
highyieldsolutionscorp.com

key personnel:
Jeff Beaudoin, Operations 
Manager 
Curtis Merrill, Account 
Manager;  
Joseph Boyk, Technical 
Leader

www.highyieldsolutionscorp.com

SERVICES
We are here to help make your business 
more successful by assessing your processing 
needs and recommending a solution. From 
standard to customized systems and a range 
of equipment in between, we can help with 
industrial cannabis processing equipment to 
meet everyday demands.

PRODUCTS
Cannabis waste shredders and equipment, au-
tomated cannabis processing systems, indus-
trial hemp shredders and equipment, premium 
finishing equipment

STATES SERVED
North America

http://www.highyieldsolutionscorp.com
http://www.highyieldsolutionscorp.com
mailto: hysc-sales@highyieldsolutionscorp.com
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PRODUCTS
Oakwood Chemical offers an array of reagents 
and solvents for every step of the cannabi-
noid preparation process:  isolation, synthetic 
isomerization, purification, and analysis.  Our 
catalog contains chemicals needed for ex-
traction of cannabinoids from plant material in 
different grades (reagent, ACS, and USP) and in 
different amounts (from lab bench to industrial 
drum sizes).  We also sell reagents to convert 
the various isomers of Tetrahydrocannabinol  

to the desired Delta-9-THC, as well as other 
isomers. Oakwood sells numerous types of sta-
tionary phase materials for purification of the 
extracted material from unwanted plant 
by -products. Finally, we have a wide range of 
high purity analytical solvents for HPLC and LC/
MS in quality control.

STATES SERVED
We serve every state in the United States and 
ship internationally worldwide.

Oakwood Chemical, Inc.
COMPANY DESCRIPTION

Oakwood Chemical is a leader in selling high quality reagents to academic, chemical, and pharmaceutical customers for 
almost thirty years. Located in the South Carolina Lowcountry, we have over 10,000 square feet of laboratory space, as well 
as two large warehouses totaling 200,000 square feet with over 150,000 chemicals in stock. We offer benchtop to production 
quantities of inorganic and organic reagents, solvents, salts, catalysts, and biochemicals in numerous grades (reagent, anhy-
drous, ACS, HPLC, LCMS, NMR, USP). Let us help you in succeeding in this high growth industry. 

OAKWOOD 
CHEMICAL, INC. 

730 Columbia Highway 
Estill, South Carolina 29918
USA

telephone: 1-803-739-8800
toll free: 1-800-467-3386
fax: 1-803-739-6957

email:
sales@oakwoodchemical.com

key personnel:
Greg Butler, President  
Dr. Eldon Baird,  
Vice President, Operations 
Wilson Butler, Director of 
Business Development

www.oakwoodchemical.com

OTHER SERVICESPACKAGING & SUPPLIESMANUFACTURING & PROCESSINGMANUFACTURING & PROCESSING OTHER SERVICES

mailto:sales@oakwoodchemical.com
http://www.oakwoodchemical.com
http://www.oakwoodchemical.com
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OTHER SERVICES

SERVICES
Accreditation is the most appropriate way 
to ensure a laboratories performance to 
international standards. We provide pro-
grams to fit those needs: 

• �ISO/IEC 17025 standard and addition-
al state specific regulations, including 
requirements from the Americans for 
Safe Access (ASA) and Patient Focused 
Certification (PFC)

• �ISO/IEC 17043 for Proficiency Testing 
Providers (PTPs) to ensure that provid-
ers are competent to run quality profi-
ciency testing programs

• �ISO 17034 for Reference Material Pro-
ducers (RMPs) to produce quality ref-
erence materials to be used in the 
testing process.

• �Exceptional customer service, offer-
ing a single point of contact to guide 
laboratories through the process and 
answer any questions.

MAJOR PRODUCTS
A2LA can accredit laboratories for either 
hemp or cannabis testing, allowing us to 

serve laboratories in states which have not 
yet legalized cannabis.  Laboratories that 
test both hemp and cannabis would be 
required to setup separate legal entities. 
Appropriate testing is critical to demon-
strate that these products do not contain 
harmful levels of contaminants or adul-
terants and insures confidence for public 
consumption for medical and recreational 
cannabis.Specific testing may include, but 
is not limited to, the following:

• �Cannabinoid testing and content (CBC, 
CBD, CBDa, CBG, CBN, THC, THCa, THCv, etc.) 

• Terpene profile 
• �Pesticides/fungicides/plant growth 

regulators 
• Residual solvents 
• Heavy metals 
• �Microbiological contaminants (mold, 

insects, bacteria, etc.) 

STATES SERVED
Global

A2LA
COMPANY DESCRIPTION
Established in 1978, A2LA is among the largest accreditation bodies in the world and the only independent, 501(c)3, non-profit, 
internationally recognized accreditation body in the US that offers a full range of comprehensive conformity assessment 
accreditation services. We are industry experts and a leader in Cannabis accreditation that insures confidence in the testing 
results from accredited testing labs on the safety of medical and recreational cannabis for public consumption.

A2LA

5202 Presidents Court, Suite 220
Frederick, MD 21703
USA

telephone:
301-644-3248

email:
info@A2LA.org

key personnel:
Renee Delauter, Accreditation 
Officer – Life Sciences 
Sarah Dorris, Accreditation 
Manager – Life Sciences
Chris Gunning, General Manager - 
Accreditation Services – Cannabis 
Life Sciences
 
www.A2LA.org

mailto:info@A2LA.org
http://www.A2LA.org
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True Liberty® Bags
COMPANY DESCRIPTION
TRUE LIBERTY® BAGS is a family-based business founded on the principle that the best products should not only 
be the strongest, safest, and highest quality in an industry, they should also be made by a company which honors it’s
responsibility to customers, community, and the environment.

SERVICES
True Liberty® is the original All Purpose Bag. 
Industrial-strength nylon, plastic and bpa-
free, reusable eco bags have many garden 
and outdoor uses

• Harvest, cure, preserve
• Transport, biomass disposal
• Fresh frozen, decarboxylation
• �Prevent cross-contamination & mineral 

build-up
• Long-term storage
• Quick & easy clean-up
• Line industry standard containers

PRODUCTS
• 2 Gallon Bags (12” x 20”) 
• 3 Gallon Bags (18” x 20”) 
• 4 Gallon Bags (18” x 24”) 
• 8 Gallon Bags (24” x 40”) 
• Can Liner (30” x 48”)
• Bin Liner (48” x 30”)
• Drum Liner (36” x 48”)
• Pallet Container Liner (55” x 44” x 90”)
• Rolling Bench Table Liner (80” x 500’)

STATES SERVED
Nationwide

TRUE LIBERTY® BAGS

5900 Pruitt Ave. #230
Windsor, CA 95492
USA

toll free: (888)-800-2680

email:
info@truelibertybags.com

key personnel:
Jennifer Diaz, Co-Founder & Owner 
Kimberly Crews, Accounting & Site 
Supervisor 
Ciel Pierce, Warehouse Supervisor

www.truelibertybags.com

PACKAGING & SUPPLIES

mailto:info@truelibertybags.com
http://www.truelibertybags.com
http://www.truelibertybags.com


CALL FOR PAPERS
Cannabis Science and Technology®

2022 Issues

Cannabis Science and Technology® magazine is seeking contributed manuscripts 
for the upcoming 2022 issues.

Manuscript scope and format
Cannabis Science and Technology broadly covers science and product quality issues in the cannabis industry. 
We welcome manuscripts that describe analytical methods for product quality control; the development 
of standard (consensus) methods; proper laboratory techniques and laboratory best practices; laboratory 
accreditation, proficiency testing, and inter-laboratory comparison testing; equipment and technology for 
testing and processing; regulatory issues; current good manufacturing practices; research on cannabinoids 
and terpenes; cultivation and extraction best practices, challenges, and tips; and topics related to processing/
manufacturing. We also offer a blinded, peer-review process for manuscripts. 

TECHNICAL ARTICLES
Technical articles describe improvements in methods or techniques. Papers should be ~3500-4500 words 
long and should be of immediate relevance to the analytical and quality issues facing the cannabis 
industry. Authors should not make comparisons between commercially available products from different 
manufacturers. We urge authors to submit a proposal to the editor before completing a manuscript.

TUTORIAL ARTICLES
Tutorial articles should be presented as a how-to on a technique, application, or method related to cannabis 
analysis or processing ( for example, QuEChERS extraction). Papers should be ~2000-2500 words long and 
should be of immediate relevance to the analytical and quality issues facing the cannabis industry. We urge 
authors to submit a proposal to the editor before completing a manuscript.

REVIEW ARTICLES
Review articles survey recent developments and the state of the art of current techniques or emerging 
technologies. Manuscripts should be ~3500-4500 words long. We urge authors to submit a proposal to 
the editor before completing a manuscript.

Deadlines
Submission deadlines for the April 2022 issue are:
Abstracts:                            February 2, 2022 
Completed manuscripts:     March 1, 2022

Submission deadlines for the May 2022 issue are:
Abstracts:                            March 7, 2021
Completed manuscripts:     April 1, 2022

Where to submit
Send all proposals and completed articles to Editor Meg L’Heureux, at mlheureux@mjhlifesciences.com.

mailto: mlherurex@mjhlifesciences.com
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HIGH-THROUGHPUT ANALYSIS OF CANNABINOIDS BY LC-UV

     • �Increase sample throughput with this 
fast, 9-minute analysis.

     • �Baseline separation of 16 cannabinoids 
provides more accurate and compre-
hensive potency and profile data.

     • �Simple, isocratic method is more easily 
transferable between instruments and 
labs than gradient methods.

As the cannabis market grows, interest 
in more detailed analysis of cannabi-
noid profiles is expanding because more 
comprehensive data can be used for 
strain identification as well as to ensure 
more accurate potency testing. More 
than 100 cannabinoids have been iso-
lated from cannabis to date, and these 
compounds can interfere with the five 
most commonly analyzed cannabi-
noids: tetrahydrocannabinol (THC), 
delta-9-tetrahydrocannabinolic acid A 
(THCA), cannabidiol (CBD), cannabidi-
olic acid (CBDA), and cannabinol (CBN). 
The LC-UV method shown here uses a 
Raptor ARC-18 column to fully resolve 16 

major and most frequently observed mi-
nor cannabinoids for which commercial 
standards are available. Baseline sep-
aration ensures positive identification 
and accurate quantitation. As shown, 
all compounds were resolved in a fast 
9-minute analysis, making this method 
suitable for high-throughput cannabis 
testing labs. In addition, this analysis 
uses a simple isocratic mobile phase so 
it is more easily transferable between in-
struments, compared to more complex 

methods that incorporate atypical mo-
bile phase gradients or additives.

TABLE I: EXP Direct Connect Holder

 Description  qty. c a t . #

EXP Direct Connect Holder for 

EXP Guard Cartridges (includes 

hex-head fitting & 2 ferrules)

ea. 25808

Maximum holder pressure: 20,000 psi (1,400 bar)

TABLE II: Raptor ARC-18 LC Columns 
(USP L1)

Length  2.1 mm 
cat.#

3 . 0  m m 
c a t . #

4 . 6  m m 
c a t . #

1.8 μm Columns
30 mm 9314232 --- ---

50 mm 9314252 931425E ---

100 mm 9314212 931421E ---

2.7 μm Columns
30 mm 9314A32 9314A3E 9314A35

50 mm 9314A52 9314A5E 9314A55

100 mm 9314A12 9314A1E 9314A15

150 mm 9314A62 9314A6E 9314A65

5 μm Columns
30 mm — 931453E —

50 mm 9314552 931455E 9314555

100 mm 9314512 931451E 9314515

150 mm 9314562 931456E 9314565

TABLE III: Medical Marijuana Singles

Compound CAS # Solvent Conc. cat.#

Cannabichromene (CBC) 20675-51-8 PTM 1,000 34092

Cannabidiol (CBD) 13956-29-1 PTM 1,000 34011

Cannabidiolic  Acid (CBDA) 1244-58-2 ACN 1,000 34099

Cannabigerol (CBG) 25654-31-3 PTM 1,000 34091

Cannabinol (CBN) 521-35-7 PTM 1,000 34010

delta-8-Tetrahydrocannabinol (D8-THC) 5957-75-5 PTM 1,000 34090

delta-9-Tetrahydrocannabinol (D9-THC) 1972-08-3 M 1,000 34067

delta-9-Tetrahydrocannabinolic acid A (THCA-A) 23978-85-0 PTM 1,000 34093

Tetrahydrocannabivarin 31262-37-0 M 1,000 34100

ACN = acetonitrile; M = methanol; PTM = purge-and-trap grade methanol

R EST E K C O R P O R AT I O N 
110 Benner Circle 
Bellefonte, PA 16823, USA 
Tel. +1-800-356-1688 
Website:www.restek.com

Questions about this or any other Restek product?  
Contact us or your local Restek representative (www.restek.com/contact-us).
Restek patents and trademarks are the property of Restek Corporation. (See www.restek.com/Patents-Trademarks for full list.) Other trademarks in Restek literature or on its website are the 
property of their respective owners. Restek registered trademarks are registered in the U.S. and may also be registered in other countries.

© 2018 Restek Corporation. All rights reserved. Printed in the U.S.A.

www.restek.com 

Particle 5 x 2.1 mm 5 x 3.0 mm 5 x 4.6 mm
Description Size qty. cat.# cat.# cat.#
Raptor ARC-18 EXP Guard Column Cartridge 2.7 µm 3-pk. 9314A0252 9314A0253 9314A0250
Raptor ARC-18 EXP Guard Column Cartridge 5 µm 3-pk. 931450252 931450253 931450250

Maximum cartridge pressure: 600 bar/8,700 psi (2.7 µm) or 400 bar/5,800 psi (5 µm).

Raptor SPP LC columns combine the speed of SPP with the resolution of USLC technology. Learn more at www.
restek.com/raptor

Hybrid Ferrule U.S. Patent No. 8201854, EXP Holders U.S. Patent No. 8696902, EXP2 Wrench U.S. Patent No. 
D766055. Other U.S. and Foreign Patents Pending. The EXP, Free-Turn, and the Opti- prefix are registered trade-
marks of Optimize Technologies, Inc.

Raptor EXP Guard Column Cartridges 

Description qty. cat.#
EXP Direct Connect Holder for EXP Guard Cartridges (includes hex-head fitting & 2 ferrules) ea. 25808

Maximum holder pressure: 20,000 psi (1,400 bar)

EXP Direct Connect Holder 

Medical Marijuana Singles 

Concentration is µg/mL. Volume is 1 mL/ampul.

Compound CAS # Solvent Conc. cat.#
Cannabichromene (CBC) 20675-51-8 PTM 1,000 34092   
Cannabidiol (CBD) 13956-29-1 PTM 1,000 34011   
Cannabidiolic Acid (CBDA) 1244-58-2 ACN 1,000 34099   
Cannabigerol (CBG) 25654-31-3 PTM 1,000 34091   
Cannabinol (CBN) 521-35-7 PTM 1,000 34010   
delta-8-Tetrahydrocannabinol (D8-THC) 5957-75-5 PTM 1,000 34090   
delta-9-Tetrahydrocannabinol (D9-THC) 1972-08-3 M 1,000 34067   
delta-9-Tetrahydrocannabinolic acid A (THCA-A) 23978-85-0 PTM 1,000 34093   
Tetrahydrocannabivarin 31262-37-0 M 1,000 34100   

ACN = acetonitrile; M = methanol; PTM = purge-and-trap grade methanol

Certified reference materials (CRMs) manufactured and QC-
tested in ISO-accredited labs satisfy your ISO requirements.

Raptor EXP Guard Cartridges

Protect your investment and extend the life of our already-rugged LC 
columns and change guard column cartridges by hand without breaking 
fluid connections—no tools needed! 

Unidirectional Raptor  
EXP Guard Column Cartridge

Hand-Tight Fitting—
No Tools Needed!

Holder Body

Auto-Adjusting 
Titanium Hybrid Ferrule—

ZDV Connections!

Porosity Color qty. cat.#
Nylon
0.2 µm black pre-slit cap 100-pk. 25891
0.45 µm pink pre-slit cap 100-pk. 25892
PES (polyethersulfone)
0.2 µm grey pre-slit cap 100-pk. 25897
PTFE (polytetrafluoroethylene)
0.2 µm green pre-slit cap 100-pk. 25893
0.45 µm blue pre-slit cap 100-pk. 25894
PVDF (polyvinyldifluoride)
0.2 µm red pre-slit cap 100-pk. 25895
0.45 µm yellow pre-slit cap 100-pk. 25896
Patent No. 7,790,117

Thomson SINGLE StEP  
Standard Filter Vials 

Lit. Cat.# FFSS2851-UNV

Length
2.1 mm

cat.#
3.0 mm

cat.#
4.6 mm

cat.#
1.8 µm Columns

30 mm 9314232 — —
50 mm 9314252 931425E —
100 mm 9314212 931421E —
150 mm 9314262 — —

2.7 µm Columns
30 mm 9314A32 9314A3E 9314A35
50 mm 9314A52 9314A5E 9314A55
100 mm 9314A12 9314A1E 9314A15
150 mm 9314A62 9314A6E 9314A65

5 µm Columns
30 mm — 931453E —
50 mm 9314552 931455E 9314555
100 mm 9314512 931451E 9314515
150 mm 9314562 931456E 9314565
250 mm — — 9314575

Raptor ARC-18 LC Columns (USP L1)

FIGURE 1:  Baseline resolve 16 cannabinoids with a Raptor ARC-18 column and a 
simple, easily transferable isocratic method.
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Column: Raptor ARC-18 (cat.# 9314A65); Dimensions: 150 mm x 4.6 mm ID; Particle Size: 2.7 µm; Pore Size: 
90 Å; Guard Column: Raptor ARC-18 EXP guard column cartridge 2.7 µm (cat.# 9314A0250); Temp.: 30 °C; 
Sample:Tetrahydrocannabivarin (cat.# 34100); Cannabidiolic acid (CBDA) (cat.# 34099); Cannabichromene (CBC) 
(cat.# 34092); Cannabigerol (CBG) (cat.# 34091); delta-9-Tetrahydrocannabinolic acid A (THCA-A) (cat.# 34093); 
delta-8-Tetrahydrocannabinol (∆8-THC) (cat.# 34090); delta-9-Tetrahydrocannabinol (∆9-THC) (cat.# 34067); 
Cannabinol (CBN) (cat.# 34010); Cannabidiol (CBD) (cat.# 34011); Compounds not present in these mixes were 
obtained separately.; Diluent: 25:75 Water:methanol; Conc.: 50 µg/mL; Inj. Vol.: 5 µL; Mobile Phase: A: Water, 5 
mM ammonium formate, 0.1% formic acid; B: Acetonitrile, 0.1% formic acid; Gradient (%B): 0.00 min (75%),  
9.00 min (75%); Flow: 1.5 mL/min; Detector: UV/Vis @ 228 nm; Instrument: HPLC

  Peaks tR (min)
 1. Cannabidivarinic acid (CBDVA) 1.877
 2. Cannabidivarin (CBDV) 2.086
 3. Cannabidiolic acid (CBDA) 2.592
 4. Cannabigerolic acid (CBGA) 2.750
 5. Cannabigerol (CBG) 2.912
 6. Cannabidiol (CBD) 3.084
 7. Tetrahydrocannabivarin (THCV) 3.391
 8. Tetrahydrocannabivarinic acid (THCVA) 4.279

  Peaks tR (min)
 9. Cannabinol (CBN) 4.609
 10. Cannabinolic acid (CBNA) 5.437
 11. ∆9-Tetrahydrocannabinol (∆9-THC) 5.815
 12. ∆8-Tetrahydrocannabinol (∆8-THC) 6.002
 13. Cannabicyclol (CBL) 6.916
 14. Cannabichromene (CBC) 7.263
 15. Tetrahydrocannabinolic acid A (THCA-A) 7.612
 16. Cannabichromenic acid (CBCA) 8.510

http://www.restek.com
http://www.restek.com
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With the recent legalization of both medicinal and recreational marijuana in the United States, analysis 
of individual cannabinoids has captured the public’s interest at a new level. As such, many new cannabis 
products are now available, i.e., edibles, vaporizers, and extracts to name a few. The increased marketability 
of the product has incited consumers to take a greater interest in the quality and craft ability of the products 
being sold. Through the quantifi cation of individual cannabinoids, the consumer can make an informed 
decision about the possible effects they could expect from the products they purchase. Therefore, the 
need for accurate, robust, and affordable analysis tools are of the upmost importance.

With health, safety, and edibles dosing as the primary motivation, Hamilton Company developed 
an HPLC method that isolates eight major cannabinoids. The HxSil C18 (3 µm) column provides 
an accurate, cost effective, and robust solution that can be used in any HPLC system.

Column Information
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 

(∆-9-THCA)
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Separation of Eight Cannabinoids
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Calibration esting LaboratorCalibration 

Affordable precision balances 
With legal-for-trade certification

SH-Series 
Precision Balances 
The SH-Series high-capacity balances are ideal for
anywhere that accuracy and portability is required. 
Their compact and portable design, allows you to oper-
ate in the field or move from lab-to-lab. All SH-Series 
come complete with a power adapter and an internal 
rechargeable ba�ery.
Choose from multiple different weigh modes; weighing, 
parts counting, +/- control, animal weighing, peak hold, 
and totalizing.
Connect the SH-Series balance to a computer or printer 
via RS232 or USB connection for quick and easy 
recording of results. 

Unrivaled warranty! 
Part and Labor Included

Calibra�on cer�ficate 
available on all 

models! 
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Calibration and Testing LaboratorCalibration and T
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ISO 9001:2015 Registered
ISO 17025:2017Accredited 

Calibration and Testing Laboratory
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2860 So. Vallejo St., Unit B 
Englewood, CO  80110 
www.schulersci.com 
1-800-539-1886

http://www.schulersci.com
http://www.schulersci.com
http://www.schulersci.com

	CST1121_00_Cover_Final
	CST1121_04_Masthead
	CST1121_05_Chairletter_EAB
	CST1121_06_TOC
	CST1121_08_Cannabis_Analysis
	CST1121_12_Navigating_Lab
	CST1121_22_Cultivation_Classroom
	CST1121_26_Cannabis_Crossroads_Print
	CST1121_32_Peer_Reviewed_Schug
	CST1121_40_Feature_Burgner
	CST1121_45_Feature_Turner
	CST1121_47_Feature_Monaco
	CST1121_50_SupplierProfiles_v2
	CST1121_65_Call_For_Papers
	CST1221_66_Application_Note_final



