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Hocking College and Shimadzu 
Scientifi c Instruments Announce 
Partnership to Develop Medical 
Cannabis Lab Program

Shimadzu Scientifi c Instruments (Columbia, Maryland), 

a provider of cannabis testing instruments, and Hock-

ing College (Nelsonville, Ohio) announced a collabora-

tive relationship to launch the Hocking College Canna-

bis Analytic Lab. According to Shimadzu’s press release, 

the partnership will also support a fi rst-of-its-kind Can-

nabis Lab Technician Associates of Science Degree.

The medical cannabis testing laboratory is designed to 

position Hocking College as an academic leader in analyt-

ical safety and potency testing as well as ensure safe me-

dicinal cannabis for Ohio patients. The laboratory will re-

portedly test for heavy metals, pesticides, mold, fungus, 

and other potentially harmful contaminants. The teaching 

laboratory will provide students the opportunity to learn 

on state-of-the-art cannabis testing instruments while ful-

fi lling their degree requirements. According to the col-

lege’s website (1), they were awarded a provisional license 

to be one of two educational institutions that will serve as 

a medical cannabis testing laboratory for the state of Ohio.

“Fulfi lling the Ohio legislative mandate that an Ohio 

public college or university serve as a testing lab for the 

new medical cannabis program promotes public safety, 

and Hocking College is proud to serve in this capacity,” 

Dr. Betty Young, President of Hocking College, said in 

the press release.

To help Hocking College initiate this program, Shimad-

zu awarded a grant as part of its Shimadzu Partnership 

for Academics, Research, and Quality of Life (SPARQ) 

program to enable the purchase of a wide range of test-

ing equipment.

“Because Shimadzu is such an innovator in cannabis 

testing instrumentation, having their support will place 

Hocking College at the forefront of public health, aca-

demic training and workforce development in this fast-

growing industry,” said Jonathan Cachat, PhD, Hocking’s 

Director of Laboratory Science. “With this high-tech, 

hands-on training, our students will graduate with the 

knowledge and skills they need to thrive in commercial 

cannabis laboratories.”

“The ongoing growth of the medicinal cannabis indus-

try has created an opportunity for highly skilled scientists 

who understand how to operate analytical instruments 

that can determine if the products meet regulatory re-

quirements,” said Bob Clifford, PhD, general manag-

er of marketing, Shimadzu Scientifi c Instruments. “With 

the new laboratory and degree program, Hocking Col-

lege will train students in instrumental techniques widely 

used in the medicinal cannabis industry, as they provide 

analysis of medical cannabis from real-world cultivators.”

Reference

1) https://www.hocking.edu/laboratory-sciences-cannabis. 

Appeal Hearing in 
Cannabis Lawsuit Against the DEA

The next step in the lawsuit against the Drug Enforce-

ment Administration (DEA) and Department of Justice 

(DOJ) was heard on December 12, 2018 at the United 

States Court of Appeals for the Second Circuit. The law-

suit, fi led in July 2017, claims that the listing of cannabis 

as a Schedule I drug under the Controlled Substances 

Act is unconstitutional because of the drug’s merits for 

medicinal use. Attorney Michael S. Hiller argued the ap-

peal to a panel of three judges: Judge Dennis Jacobs, 

Judge Guido Calabresi, and Judge Jed S. Rakoff.

The plaintiffs in the suit include 12-year-old Alexis Bor-

tell, who takes cannabis to control epilepsy; 8-year-old 

Jagger Cotte, who uses cannabis to treat a severe neuro-

logical disorder called Leigh’s syndrome; Jose Belen, an 

Iraq war veteran who uses cannabis for post-traumatic 

stress disorder (PTSD); former NFL player Marvin Wash-

ington, the cofounder of a company that sells hemp-

based sports performance products; and a nonprofi t or-

ganization called the Cannabis Cultural Association that 

helps minorities benefi t from the cannabis industry in 

states where it is legal (1). The original suit named former 

DOJ Attorney General Jeff Sessions as one of the de-

fendants (now changed to acting Attorney General Mat-

thew Whitaker), as well as Charles “Chuck” Rosenberg 

in his role as Acting Director of the DEA, and the United 

States of America.

The case was initially heard in February 2018 by U.S. Dis-

trict Judge Alvin Hellerstein in New York, but the judge 

ruled that the case should be dismissed on the grounds 

that the DEA has authority. Judge Hellerstein stated that 

before bringing the lawsuit to court the plaintiffs were 

required to exhaust administrative remedies, including 

https://www.hocking.edu/laboratory-sciences-cannabis
http://www.CannabisScienceTech.com
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petitioning the DEA to reschedule cannabis (2).

In the December 2018 appeal hearing, each side was 

only allotted a few minutes to present their case. Hiller 

again argued that the designation of cannabis as Sched-

ule I under the Controlled Substances Act was unconsti-

tutional because it violates Americans 5th Amendment 

rights to preserve their life and health. Hiller answered 

tough questions from the panel of judges and discussed 

the Food and Drug Administration’s (FDA) recent ap-

proval of the drug Epidiolex (3,4) which contains can-

nabidiol (CBD), along with the limitations of that drug. 

Hiller also pointed out the extremely long wait time for 

the DEA to review rescheduling petitions, a process that 

takes up to nine years to complete.

Hiller explained that his clients are simply asking for 

the opportunity to prove that the designation of canna-

bis as Schedule I is unconstitutional. They want the case 

to proceed to trial.

The U.S. Attorney’s offi ce again argued that the case 

had no bearing and the plaintiffs should direct their pe-

tition directly to the DEA. The judges asked tough ques-

tions of the government such as: If medical cannabis 

use is proven—it’s not new—why should we spend nine 

years waiting on what’s obvious?

In Hiller’s rebuttal time, he made points disproving 

the U.S. Attorney’s arguments and explained that pa-

tients in states where medical cannabis is legal live in 

fear that their rights could be taken away by the Federal 

government at any time if Federal enforcement is enact-

ed and state access is stripped away. He also explained 

that any delay in access or the decision to reschedule is 

egregious for patients that need cannabis to live, such as 

plaintiffs Jagger Cotte and Alexis Bortell.

The judges reserved judgement on the case, which 

can take anywhere from a few weeks to a couple months, 

during which time they will review the case materials, at-

torney briefs, and oral arguments. After the hearing end-

ed, Hiller addressed a crowd of cannabis supporters out-

side the courtroom saying that the appeal went as well 

as it could have gone and that the questions posed by 

the judges were a good sign. 

Sebastien Cotte, the legal guardian representing Jag-

ger Cotte in the case, was present for the hearing and 

also felt hopeful from the proceedings. In a Facebook 

Live post, Cotte gave a quick recap of what happened 

in court, echoing the sentiments of Hiller. “It went as 

well as it could have gone,” he said. “We got some real-

ly good questions from the judges, but the Government 

got much harder questions, which is usually a good sign, 

but you never know.”

References

1) https://www.thecannabist.co/2018/02/14/
marijuana-schedule-i-lawsuit-trial/98979/.

2) https://www.thecannabist.co/2018/02/26/
marijuana-schedule-i-lawsuit-dismissed/100033/.

3) http://www.cannabissciencetech.com/news/
fda-approves-fi rst-drug-containing-cbd.

4) http://www.cannabissciencetech.com/news/
dea-reschedules-cbd-based-drug-schedule-v. 

Attorney General Nominee Promises 
Legal Cannabis Companies Safety

President Trump’s nominee for Attorney General, Wil-

liam Barr, stated in his confi rmation hearing that he 

would not go after cannabis companies that were com-

pliant with state laws. In a recent letter in response to 

written questions from various senators (1,2), Barr has 

put that statement in writing.

“As discussed at my hearing, I do not intend to go af-

ter parties who have complied with state law in reliance 

on the Cole Memorandum,” he wrote. The Cole Mem-

orandum, which generally directed federal prosecutors 

not to interfere with state cannabis laws, was an Obama-

era cannabis enforcement guidance that former Attor-

ney General Jeff Sessions rescinded last year. Accord-

ing to an article by Forbes.com (2), Barr isn’t committing 

to formally replacing the Cole Memorandum with new 

guidance reiterating the approach.

“I have not closely considered or determined wheth-

er further administrative guidance would be appropriate 

following the Cole Memorandum and the January 2018 

memorandum from Attorney General Sessions, or what 

such guidance might look like,” he wrote in response to 

a question from Senator Cory Booker (D-NJ). “If con-

fi rmed, I will give the matter careful consideration.”

References

1) https://www.judiciary.senate.gov/imo/media/
doc/Barr%20Responses%20to%20QFRs.pdf.

2) https://www.forbes.com/sites/tomangell/2019/01/28/
trump-attorney-general-pick-puts-marijuana-
enforcement-pledge-in-writing/#b0acca154350.
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Expanding Horizons

H
appy New Year! 2019 is poised to be an exciting year for Cannabis Sci-

ence and Technology (CST ) as we expand our coverage to six print is-

sues and continue our monthly newsletters as well as special webi-

nars throughout the year. As we prepared for 2019, we also decided to bring 

on more regular columnists to write on important topics. We are thrilled to have 

launched the regular column series “Cultivation Classroom” in the November/

December 2018 issue with columnist Roger Kern of Agate Biosciences. Roger 

will be discussing the various aspects of cultivation in his column by conduct-

ing feature interviews with experts from different sides of the cultivation pro-

cess as well as his own thoughtful commentary on the topics. Look for his next 

installment in the March/April issue.

On page 20 of this issue, we are kicking off the new “Extraction Science” col-

umn series with an informative piece by guest columnist Amber Wise of Med-

icine Creek Analytics. Amber discusses some basic clarifi cations on extrac-

tion terminology and processes, an overview of why every extraction company 

should have a trained scientist on staff, and general guidelines for using cor-

rect terminology. 

In the March/April 2019 issue we are excited to launch a regular column by 

Patricia Atkins of SPEX CertiPrep titled “Navigating the Labyrinth: Challenges 

of Cannabis in the Laboratory.” Patricia’s column will deal with the challenges 

of different laboratory and quality practices and how those challenges apply 

to the cannabis industry along with tips and advice to navigate around them.

As the cannabis industry rapidly expands, our goal at CST is to continue to 

provide education to people in the fi eld who are advancing cannabis research 

and quality issues. With that goal in mind, we will also be taking a global look 

at cannabis research, testing, and policies in other countries in our new series 

“Cannabis Around the World” (see page 32 of this issue). 

In addition to our new columns, we are pleased to continue to present regu-

lar pieces from our contributing editor Josh Crossney in the “Cannabis Cross-

roads” series and columnist Brian C. Smith in the “Cannabis Analysis” column. 

Both of those columns can be found in every issue in 2019. 

We welcome comments and article submissions from all of you, so please 

feel free to reach out to me at meg.lheureux@ubm.com. Enjoy our latest issue 

and let’s continue to expand our cannabis horizons!

Megan L’Heureux

Editor-in-Chief

mailto:meg.lheureux@ubm.com
http://www.CannabisScienceTech.com
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The Importance of Representative 
Sampling in Cannabis Analysis

Developing a precise and accurate analytical method is important, but it is not enough. The 
sample itself plays a role in determining the quality of your results. Your sample needs to be stable, 
homogeneous, and representative of the batch from which it is taken. We discuss all this in more 
detail below and what it means for the quality of the results obtained in cannabis analysis.

Brian C. Smith

T
he term sample is defi ned as 

a part of anything present-

ed. . . as evidence of the qual-

ity of the whole (1). Samples are 

something we encounter in our eve-

ryday lives. We may nibble on a sam-

ple of food presented to us at a gro-

cery store. Your doctor may collect a 

sample of your blood. Come election 

time we are bombarded with opinion 

polls that talk about something called 

“sample size” and that pesky “margin 

of error.” Ideally, all these samples 

represent a greater whole from which 

they are drawn. Hopefully, the prod-

uct you buy because of a food sample 

will be as tasty as the nibble that orig-

inally enticed you. Your blood sample 

needs to be representative of your 

health or your doctor might make a 

wrong diagnosis. If a political poll is 

biased it can be misleading. A sam-

ple taken improperly, one that does 

not represent the quality of the whole, 

is called an unrepresentative sample. 

Unrepresentative sampling leads to 

what is called sampling error.

What’s all this got to do with can-

nabis analysis? In many other indus-

tries we must collect representative 

samples to perform chemical anal-

yses, the cannabis industry is no 

different. In fact, in California the 

cannabis analysis laboratories them-

selves are tasked with collecting rep-

resentative samples for compliance 

testing (2). Also, most cannabis busi-

nesses collect samples for testing 

for their own purposes. The purpose 

of this article then is to discuss the 

importance of representative sam-

pling, some practical tips on how 

to ensure representative sampling, 

and how to quantitate and minimize 

sampling error.

Why should we care about any of 

this? Because an unrepresentative 

sample can give incorrect or mislead-

ing results. For example, it has been 

shown that cannabis buds harvest-

ed from the top, middle, and bottom 

of a plant can vary in potency by sev-

eral percent (3), and that the buds at 

the top tend to have the highest po-

tency. Now, if it’s your job to collect a 

representative sample from a fi eld of 

plants, how would you go about do-

ing it? It might be tempting to grab 

buds from the top of the plants be-

cause that is easiest and would give 

you the highest potency reading. 

This would also be wrong because it 

would not give you an accurate pic-

ture of the potency of your crop. You 

can’t possibly optimize the use of wa-

ter, fertilizer, and light if you don’t 

have a representative way of sam-

pling your grow. So, how do we know 

if the sample we’ve taken is truly rep-

resentative of the whole? How do we 

go about collecting a sample to en-

sure this? Please keep reading.

The tern aliquot is defined as 

comprising a known fraction of a 

whole (4). An aliquot is something 

most people haven’t heard of, un-

less you’re a chemist. An aliquot is 

similar to a sample, but in analyti-

cal chemistry an aliquot is generally 

the portion of the sample that is an-

alyzed. An aliquot then is a sample 

of the sample, and it too must be as 

representative of the whole as the 

original sample was.

We are forced to take aliquots 

because of the needs of our instru-

ments. For example, the state of Cal-

ifornia requires the collection of a 

50 lb harvest batch of cannabis plant 

material prior to analysis (2). We can’t 

shove 50  lbs of material through 

a chromatograph or spectrome-

ter. In fact, today’s analytical instru-

ments are so sensitive that only small 

amounts of sample are required for 

a successful analysis. For example, 

most high performance liquid chro-

matography (HPLC) potency meas-

urement methods only require 1 g or 

so of sample (5–7). The 1-g portion 

analyzed in this case is an aliquot. 

Our same concerns about samples 

expressed above also apply to ali-

quots. How do we know if the aliquot 

is truly representative of the sample? 

How do we go about collecting an al-

iquot properly? How do we quantify 

aliquot homogeneity?

http://www.CannabisScienceTech.com
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Practical Sampling Advice

In sampling, homogeneity is our friend and inhomogene-

ity is our enemy. Homogeneous materials are the same 

throughout the whole. Inhomogeneous materials vary 

throughout the whole. Not surprisingly then, collecting 

representative samples can range from being easy to dif-

fi cult depending upon how homogeneous the whole is. 

A perfect whole from which to collect a sample would 

be homogeneous and convenient to sample. Liquids fi t 

this bill. Our enemy in sampling liquids is concentration 

gradients, an inhomogeneous distribution of molecules. 

Since molecules can diffuse in liquids, concentration gra-

dients tend to naturally decrease over time, but this hap-

pens easier in nonviscous liquids than it does in viscous 

materials: think about the difference in viscosity between 

water and cannabis distillate. Fortunately, any concerns 

about liquid inhomogeneity can be overcome by simply 

mixing or stirring the sample. I performed a small exper-

iment to confi rm this. I was given a vial of unwinterized 

cannabis extract and asked to measure its potency. I used 

a mid-infrared (IR) method since it was fast and conveni-

ent (8,9). The sample was a thick, brown liquid with yellow 

streaks in it, obviously not uniform. I initially took three 

separate aliquots from the sample and analyzed them for 

total tetrahydrocannabinol (THC). I observed a spread in 

the values. I then simply stirred the sample to homoge-

nize it, measured three more aliquots for total THC, and 

found the spread in measurements had been reduced by 

a factor of 2. This is a strong argument then for always stir-

ring liquids before analyzing them.

Now, what if you are tasked with collecting a represent-

ative sample of multiple containers of liquids? If the liq-

uids are not too viscous, and if you have a large enough 

container, combining the contents of all containers in one 

vessel, stirring, and then taking samples makes sense. But 

what if you have fi ve jars of thick, viscous cannabis distillate 

to sample? These materials are not amenable to pouring 

as they have the consistency of honey or even taffy. What 

do you do then? Since this material is sticky you can take a 

long rod, such as a glass rod or metal spatula, plunge the 

rod deep into each jar of distillate, and then pull it out. The 

material that adheres to the length of the rod will come 

from different depths in the jar and be a good representa-

tive sample of what is in the jar. For thick samples like can-

nabis distillate, gentle heating to liquify the material to re-

move it from the rod and then stirring can be performed to 

homogenize it. Next you have to collect the material that 

adhered to each rod, combine it into a sample, and then 

take and analyze representative aliquots. 

Representative sampling is more diffi cult with solids 

because the molecules in general do not diffuse to iron 

out concentration gradients. One can stir solids or shake 

up solids, but this can worsen inhomogeneity. Do you re-

member when you were a kid and you opened a cere-

al box for the prize inside and it was always at the top? 

There is physics behind this—any time a collection of par-

ticles of different sizes are shaken, the big ones will rise to 

the top. Thus, your instinct to shake solid samples to ho-

mogenize them is counterproductive.

So, what do we do? One way to homogenize solids is 

to grind them. Any number of grinding devices from mor-

tars and pestles to expensive, high speed grinders exist 

(10,11). In a perfect world, a grinder will take a sample and 

produce a fi nely divided power of uniform particle size 

and shape. Whether this is achieved of course depends 

on the sample and the grinder.

An example of a substance that is particularly diffi cult 

to grind homogeneously is cannabis plant material. Even 

well-trimmed cannabis bud is inhomogeneous because 

buds contain stems and leaves. The trim used to make 

extracts is worse—containing buds, stems, leaves, seeds, 

and sometimes foreign matter. Even worse, individual 

buds are inhomogeneous, as can be seen under a micro-

scope. The cover of a recent issue of this magazine illus-

trates my point (12).

My own experience is that a mortar and pestle does 

not work on cannabis plant material because it is not dry 

enough to pulverize into a powder. Bud grinders com-

monly sold by dispensaries are insuffi cient because they 

give large chunks of inhomogeneous material. Coffee 

grinders by themselves are problematic. My own expe-

rience is that when buds are ground you end up with a 

chunky, gooey mess. The problem here is that the fric-

tion of grinding heats up the sample, melts the resin, and 

causes the mess. What I have found works well is plac-

ing a 1-in. diameter piece of dry ice into the coffee grind-

er with the plant material. The dry ice absorbs the heat of 

grinding, prevents the resin from melting, and hardens 

the plant material so it pulverizes better. I have also heard 

that an industrial spice grinder works well on cannabis 

plant material (13). Regardless of what grinding method 

you choose, the resulting material should be as uniform 

as possible.

Quantitating and Reducing Sampling Error

Regardless of our efforts to homogenize samples, a 

truly 100% homogeneous sample is rare, particularly 

with ground samples. How then do we get around this 

http://www.CannabisScienceTech.com
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problem? The answer is: By taking multiple aliquots, ana-

lyzing them, and averaging the results. The more aliquots 

you analyze, the more likely it is that any variation in com-

position in your sample will be captured in your analy-

ses, giving you an accurate picture of your sample. This is 

the “sampling size” you might have heard about in opin-

ion polls. So, how many aliquots should you analyze? As 

many as possible. Of course, in the real-world time, mon-

ey, and other constraints put limits on this. In general, 

three aliquots are the minimum number that should be 

collected and analyzed to have even a hope of obtaining 

a representative sample.

There are two reasons to maximize the number of al-

iquots analyzed. The fi rst has to do with reducing ran-

dom error and maximizing the signal-to-noise ratio 

(SNR) of a measurement. Recall from my last column (14) 

that random error can be reduced, and accuracy im-

proved, by making multiple observations and averaging 

them together. The SNR of the measurement improves 

as the square root of the number of observations aver-

aged as such:

SNR∝ (N)1/2                             [1]

where SNR is the signal-to-noise ratio and N is the number 

of observations averaged together.

The fact that we cannot analyze the whole of something 

and have to sample is the cause of sampling error. Sam-

pling error is a type of random error, and its effects can 

be reduced like any other random error by taking multi-

ple aliquots, analyzing them, and then calculating an av-

erage reading.

Recall (14) that random error has an equal probability of 

having a positive or negative value, and is expressed as 

a result ±x, where x is the random error in the measure-

ment. Sample inhomogeneity can be a source of random 

error and contribute to its magnitude. How do we quanti-

tate this? How do we measure whether a sample is homo-

geneous or heterogeneous?

Imagine you are tasked with determining the poten-

cy of a bag of cannabis buds, and you decide to experi-

ment with two different grinding techniques. You select 

Hungry for 
 something new? 
Meet your solution supplier for cannabis research,  

manufacturing and QC testing

Oil extraction: ethanol extracts and oil filtration

Analytical QC: liquid sample preparation and mobile phase filtration

Microbiological control: specialized hardware  
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fi ve aliquots of each ground sample, follow your standard 

potency method, and obtain fi ve results. Let’s say the re-

sults for grinding method 1 are 18%, 19%, 20%, 21%, and 

22%. The average of these fi ve numbers is 20%. 

Imagine the results for the fi ve aliquots using grinding 

method 2 are as such 16%, 18%, 20%, 22%, and 24%. The 

average here is still 20%. Since these two sets of measure-

ments gave the same average, are the grinding methods 

of equivalent quality? The answer is no. Since we sampled 

the same material here, and assuming the potency meth-

od was performed the same on all samples, the spread 

in the two sets of readings can tell us how homogeneous 

the samples are, which is another way of saying the sam-

pling error. The fi rst method is superior to the second be-

cause the tighter spread of readings produced a more ho-

mogeneous sample than the second method. How do we 

go about then quantitating the spread in a set of data, and 

get a handle on the size of sampling error?

We can quantitate the amount of scatter in a data set, 

and thus obtain a numerical measure of dataset quality, 

by calculating its standard deviation, which is calculated 

as such (15):

σ = (Σ(x – x’)2/n-1)1/2                      [2]

where σ is the standard deviation, x is a measured value, x’ 

is the average of a set of values, and n is the number of ob-

servations in the dataset.

To calculate the standard deviation for a set of val-

ues calculate the average, subtract each measured val-

ue from the average, square each of those differences, 

add them together, divide by the number of observa-

tions averaged minus 1, and then take the square root 

of that number. The standard deviation comes out in the 

same units as x. Thus, if x is in units of weight percent 

(wt.%) THC, so is the standard deviation. Simply put, the 

standard deviation is the average deviation between a 

set of individual readings and their average. A dataset 

with large amounts of scatter will have a larger standard 

deviation than a dataset with a smaller amount of scatter. 

The dataset from grinding method 1 above has a stand-

ard deviation of 1.58 wt.% THC, while the second grind-

ing method dataset has a standard deviation of 3.16 wt.% 

THC. Even though both datasets have an average of 20 

wt.%, the fi rst grinding method is superior to the second 

because its standard deviation is smaller by a factor of 2. 

Simply put, grinding method 1 produces a more homo-

geneous sample and thus has less sampling error than 

grinding method 2.

In the bigger picture, there are many sources of random 

error as discussed in my previous column (14). When mul-

tiple observations of a quantity are obtained, the stand-

ard deviation measures the amount of random error in the 

measurement. Recall (14) that accuracy is a measure of how 

far away you are from the true value. Imagine x’ in equa-

tion 2 is the true value for a quantity obtained from a stand-

ard reference material, and each x is the set of values as 

determined by your instrument. Inserting these values into 

equation 2 will yield the accuracy of your instrument (16). 

Datasets with narrower distributions will always have less 

random error, have a smaller standard deviation, and have 

a higher accuracy than datasets with a broader distribution.

How then do we minimize sampling error, and random 

error in general? We can achieve that by maximizing the 

number of aliquots analyzed. According to equation 1, 

increasing the number of aliquots increases the SNR of 

a measurement. According to equation 2 since n, the 

number of observations made, appears in the denomi-

nator as it goes up σ goes down. Both equations then ar-

gue powerfully for analyzing as many aliquots as possi-

ble when sampling. 

Let me be clear about something though. Taking a sin-

gle aliquot of a sample and analyzing it is by defi nition not 

representative sampling, even if your state regulations say 

this is OK (2). All samples will contain some variation, and a 

single sample by itself cannot capture the variation in any 

sample or in the whole the sample represents. I am thus 

distressed by the constant trend in the cannabis analysis 

industry to only analyze one aliquot of a sample. The mini-

mum number of aliquots you should test is three, and ide-

ally many more, particularly when faced with a complex, in-

homogeneous, natural material such as the cannabis plant. 

This argues then for the development in this industry of an-

alytical techniques that are fast, easy, and inexpensive so 

that multiple aliquots can be analyzed in a timely and effi -

cient manner (8,9) to obtain representative sampling.

Conclusions

We have seen that a sample ideally is a representative por-

tion of a whole, and an aliquot is a representative portion 

of the sample that is analyzed. The challenges of sampling 

liquids, solids, and powders were discussed. A measure of 

accuracy, random error, sample inhomogeneity, and the 

standard deviation was introduced. To maximize the ac-

curacy of a dataset, the number of aliquots from a sample 

analyzed should be at a maximum. Measuring a single ali-

quot by defi nition does not provide a representative sam-

ple and should be avoided.

http://www.CannabisScienceTech.com
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Extraction Basics, Scientifi cally Speaking
Extraction—this term can mean different things to different people. It can refer to huge holes dug in 
the earth to extract minerals (mining) or pulling a tooth at the dentist. Solvent extractions are familiar to 
scientists and nonscientists alike; the process of making coffee or tea is a solvent extract and you drink 
the “raw extract” without further refi nement or cleanup. Solvent extractions are the type used in the 
cannabis industry and the term extract is used as a noun for a wide variety of products in the cannabis 
industry. This column series on extraction begins with an overview of the terminology and attempts to 
clarify some misconceptions. We also cover more specifi c types of extraction methodologies and the 
physical parameters that make them similar or different from one another. Finally, we discuss the trend 
towards ultra-refi nement after the extraction process to focus on isolation of specifi c compounds and 
the impact that has on medical and recreational use formulations.      

Amber Wise

I
n the cannabis industry, the term 

extraction usually refers to sol-

vent-based extractions unless the 

product was made using a physical 

process such as “kiefing” (remov-

ing the trichomes) or rosin-pressing. 

Examples of this latter type of phys-

ical extraction of oils can be seen in 

other industries, for example, when 

making olive oil or other seed oils—

extreme pressure bursts plant cells 

and releases the raw oil. Rosin can 

be pressed from high-quality flower 

material in a similar way partly be-

cause the cannabinoids and terpe-

nes are highly concentrated with-

in the trichomes and are not more 

evenly distributed throughout the 

plant itself. When making cannabis 

rosin, heat is also utilized to help 

liquify and aid the cannabinoids 

and terpene mixtures to release 

from the plant cells. Rosin is the 

only true solventless cannabis ex-

tract. Kief and hash are scientifical-

ly not considered extracts because 

they are only physical separations 

of the trichomes, which are kept 

mostly intact. Kief and hash are, 

however, considered concentrates 

because the active components are 

more concentrated than they are in 

the original plant material. 

It is also a common misunder-

standing that bubble hash or ice 

water hash uses water as the sol-

vent. While water is certainly a 

good solvent in many situations, 

in this case water is not the sol-

vent because it’s not dissolving the 

compounds of interest. It’s simply 

used to help keep the temperature 

cold and provide a way to agitate 

the trichomes off the flowers more 

gently so they can then be more 

easily filtered out and dried. 

Many different solvents can be 

utilized to extract cannabinoids 

and terpenes from cannabis plant 

material. However, for human con-

sumption and high-throughput pro-

cessing, only a small handful are 

currently being used at large scale 

in the cannabis industry: carbon 

dioxide (CO2), butane or propane, 

and ethanol. 

CO
2

For cannabinoid extractions, the 

gas-phase carbon dioxide that 

we’re often familiar with is not used, 

nor is it the solid “dry ice” form—

it’s the supercritical phase, which 

means the CO2 looks like a clear liq-

uid and can be pumped and moved 

in similar ways. The difference is 

that the supercritical phase occurs 

at higher temperature and pres-

sure combinations, which chang-

es the polarity of the molecules to 

be more specific for dissolving can-

nabinoids. Subcritical CO2 (liquid 

phase CO2) can also be used for ter-

pene extraction, but that requires 

somewhat more technical skills for 

the operator and an extraction ves-

sel with tunable parameters. Sepa-

rate fractions can also be collected 

at different pressures that are en-

riched in certain cannabinoids. For 

instance, a high tetrahydrocannab-

inolic acid (THCA) raw extract can 

be collected that will have differ-

ent viscosity, boiling, and melting 

points than if you adjust the collec-

tion vessel pressures to different 

settings that can collect lower-mo-

lecular weight mixtures. Adjusting 

the pressures all the way down to 

the subcritical or liquid phase will 

preferentially extract the smaller 

terpene molecules. While creating 

a super-critical phase changes the 

polarity to prefer cannabinoid sol-

ubility, extended extraction times 

and relatively warmer temperatures 

dissolve many other compounds 

in the plant that processors of-

ten need to remove in subsequent 

http://www.CannabisScienceTech.com
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steps. However, the molecular tunability and safety—

it’s both nonflammable and generally nontoxic at low 

levels—and the ease of removing the solvent (reduce 

the pressure, it drops all the raw extract in your ves-

sel as it transitions towards the liquid and gas phase) is 

very desirable for safe end products. It can also be re-

cycled, which reduces costs. 

Hydrocarbons—Mainly Butane and Propane

Because of their nonpolar nature, almost all hydro-

carbon solvents—and there are many that chemists 

use—are useful for extracting cannabinoids and terpe-

nes. However, the most common chemistry-laborato-

ry solvents aren’t very safe for human consumption or 

worker safety and they can be expensive and difficult 

to source. These are the main reasons butane was his-

torically used in clandestine operations; it’s cheap and 

easily obtainable.

There are two main reasons butane (and also pro-

pane) have somewhat bad reputations; one of which is 

already taken care of with laboratory design approval 

processes, and the other can be addressed in the reg-

ulated market if companies are trustworthy and use 

high-quality, clean sources for their solvents. First, the 

outdated “open blasting” method of extraction is very 

dangerous and while it isn’t performed in licensed, 

regulated facilities, there are still many people who 

don’t realize the difference between this method and 

the much safer methods using qualified technicians in 

closed-loop systems (CLS). The high flammability of 

these hydrocarbons do require a “C1D1” facility—that 

is, a class one, division one safety-rated room to house 

the equipment—and some jurisdictions have bans on 

using this method altogether. Secondly, consumers 

are often afraid of seeing residual amounts of these 

solvents in concentrates, but as long as the source 

was food or pharmaceutical grade with no impurities 

(it’s low-level contaminants such as benzene or xylene 

that can be concentrated during purging that are wor-

risome), low parts-per-million (ppm) levels of residu-

al butane or propane are not considered an inhalation 

hazard to humans. After all, butane lighters are used 

all the time for combusting cannabis and folks are 

generally not concerned about inhaling residual bu-

tane from lighters. If there is 1000 ppm in a 0.5 g car-

tridge, that is a very small amount (0.5 mg) and that’s 

in the entire cartridge. 

Butane and propane’s solvent properties can be 

tuned somewhat by mixing them in various ratios and 

utilizing different temperatures during extraction. The 

low cost and relatively short extraction times are de-

sirable for high-throughput processing. Terpenes are 

quite soluble as well, but there are always challenges in 

balancing complete solvent removal and terpene reten-

tion because of the volatility of terpenes, which makes 

them easy to lose in post-processing. 

Ethanol

More recently, ethanol-based cannabis extractions 

have increased dramatically. One huge advantage 

is the rapid extraction times and high throughput for 

large capacities as well as the relative safety of residu-

al levels in finished products. Additionally, the molec-

ular properties are such that even at very cold temper-

atures, it is still a good solvent for cannabinoids, while 

it is not a good solvent for fats and lipids, so a winteri-

zation step is not necessary. Scientists outside the can-

nabis realm would call “winterization” a phase separa-

tion or precipitation in which the mixture of raw extract 

dissolved in ethanol is chilled and the fats and lipids so-

lidify and can be physically separated from the liquid 

cannabinoid–ethanol solution. This is commonly used 

on raw extract that may come from various solvent ex-

tractions. Ethanol in large amounts is also flammable, 

but like the other hydrocarbons, it can be performed 

quite safely in closed systems that aren’t complicated 

to operate.  

Other Solvents

While the “big 3” solvents already discussed are the 

main ones currently being used, there are a few oth-

er solvents out there. Let’s take a closer look at a few 

of them.

RSO is an acronym for “Rick Simpson Oil,” named af-

ter the man (Rick Simpson) who taught medical patients 

how to make concentrated extracts at home. The term 

RSO doesn’t refer to a specific solvent, but describes 

the full spectrum extracts that don’t utilize any further 

cleanup steps after removing the solvent, and they’re 

usually taken orally. Originally, naphtha was used as the 

solvent, but the toxic properties of naphtha and diffi-

culty in effectively purging it quickly made it obsolete. 

Isopropyl alcohol (rubbing alcohol [IPA]) can be used as 

well as high-proof ethanol because these are all liquids 

at room temperature and one doesn’t need special-

ized equipment to utilize them. IPA is particularly diffi-

cult to remove completely from finished products giv-

en its higher boiling point. It also dissolves many of the 

http://www.CannabisScienceTech.com
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water-soluble compounds that make the finished prod-

uct taste harsh.  

One lesser-known solvent is 1,1,1,2-tetrafluoroethane, 

known as “R134a” as well as many other trade names. It 

is used mainly as a refrigerant and to a lesser extent as a 

botanical extraction solvent. THCA does not have high 

solubility in this solvent, so decarboxylation of the plant 

material before extraction is best to increase cannabi-

noid recovery. R134a is currently being used by a small 

number of extraction companies where its nonflamma-

bility and relatively low cost are used as selling points. 

The extraction equipment is similar to other closed-

loop pressurized systems because R134a is a gas at at-

mospheric conditions. It’s unclear if this will gain trac-

tion as a solvent moving forward or continue to be used 

only by a small number of manufacturers. 

Decarboxylation During Extraction

We all understand at this point that the cannabis plant 

synthesizes the acidic version of all the cannabinoids, 

which can then further degrade naturally or be sped up 

with something like heating with a lighter. While stud-

ies are beginning to focus more on these acidic versions 

for use in medical formulations, decarboxylated or acti-

vated cannabinoids are usually targeted for large-scale 

production for a couple of reasons. First, if the concen-

trate will be used for edibles or oral ingestion formula-

tions, THCA is not psychoactive. Additionally, if distilla-

tion is used as a fi nal step to post-processing, the heat 

involved converts all the cannabinoids to their decar-

boxylated form. A smaller consideration is the viscos-

ity difference between the acidic and decarboxylated 

forms—but vape cartridge processors who have a high-

ly standardized process are aware of this and may desire 

one form or the other depending on their desired vis-

cosity range. The acid forms may or may not be decar-

boxylated during the extraction process—decarboxyla-

tion is highly dependent on the method of extraction. 

Heat is the fastest and easiest way to remove the CO2

group, so colder extraction methods such as ethanol or 

hydrocarbons won’t cause much decarboxylation dur-

ing the extraction itself. Often, the majority of the de-

carboxylation occurs during the post-processing steps. 

Relatedly, sometimes the fact that CO2 is used as a 

solvent and the fact that a CO2 group is lost during ac-

tivation of THCA is confusing to nonscientists. While 

there will be some complicated chemical equilibrium 

between the two during the actual extraction, it’s re-

ally the elevated pressures combined with moderate 

heat that are the driving force behind any decarboxyla-

tion during CO2-based extractions. Most often, the de-

carboxylation rate after CO2 extraction is ~25–60% in 

the raw extract and some sort of additional processing 

needs to occur if 100% conversion is desired. 

Distillation—Not an Extraction

This might be obvious to chemists or folks who work in 

cannabis processing, but there are a lot of people who 

don’t know the difference between distillation and ex-

traction. Scientifically, they are different in the follow-

ing ways: extraction is a process that uses some sort of 

solvent to dissolve desired compounds. The “raw ex-

tract” that results directly from an extraction will vary 

widely depending on the solvent and method. Distilla-

tion uses boiling point differences (and relatedly mo-

lecular weight or size of molecules) as a way to sepa-

rate a mixture. The end product is a high-percentage 

cannabinoid compound that is a glassy solid at room 

temperature and almost clear to yellowish amber in 

color. Distillates are related to extracts because it’s 

necessary to create an extract first before the distil-

lation step. The method and solvent can vary, but the 

feedstock or starting point of the distillation process 

is going to be a partially refined oil with already rel-

atively high concentrations of cannabinoids that was 

made via some extraction.  

Distillation alone is not a way to separate the cannab-

inoids into individual isolated compounds. The boiling 

points of the cannabinoids are too similar to one anoth-

er to make distillation a viable option because of mo-

lecular degradation as well as time, energy, and effi-

ciency issues. Pure, unformulated distillate does not 

have any residual solvents or terpenes because these 

compounds have lower boiling points than the cannab-

inoids and are separated out before or during the dis-

tillation process. 

The unscientific language of classifying different 

strains or chemovars as “indica” or “sativa” will not be 

covered in this column, but these terms are particu-

larly incorrect to use when referring to distillate prod-

uct. The molecular profile of distillates is not very com-

plex and the vast majority (~80–95%) are cannabinoids. 

While there can certainly be differences in the cannab-

inoid ratio profiles, any other differences in the biomo-

lecular profiles have essentially been removed. There 

are processors that have the scientific wherewithal to 

isolate the cannabis terpenes from each batch in-house 

before they’re lost in any post-processing. There are 
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a variety of ways to accomplish terpene isolation that 

won’t be covered here. Terpenes can be formulated 

back in with finished distillate, either the native canna-

bis-derived versions or mixtures formulated to mimic 

certain strains from other botanical sources. However, 

given the complicated molecular profile of the canna-

bis plant, and the fact that different strains don’t have 

scientifically defined chemical profiles, it’s arguable at 

what point the strain name should be used to label a 

highly refined mixture of cannabis-derived concentrate.

Related to highly-refined extracts and distillate, color 

or clarity are often used within retail and in marketing 

to describe products. Often, the point being made is 

that “clear” or lighter in color is “better.” Subsequent 

editions to this column series will address the “full-

spectrum” or “whole-plant” formulations versus high 

refinement in more detail, but there is overwhelming 

scientific evidence that the more pure a cannabis for-

mulation is, and the less there are of other compounds 

naturally found in cannabis, the intensity and experi-

ence of the therapeutic effect or high is different and 

shorter lasting. So, most patients and educated con-

sumers recognize that while stripping away all the oth-

er compounds and focusing only on the cannabinoids 

will clarify the color of the final product, the physical or 

mental effect may not be what they’re seeking. 

Isolates 

Pure, white, powdery cannabidiol (CBD) is a common 

sight if one searches the internet to buy bulk CBD. 

THCA can also form a white or pale yellow powder when 

fully purified and isolated to 98–100% purity. These 

types of end products are only made with even more 

refining past the extract or distillate stage using chro-

matographic separations. Large-scale chromatograph-

ic separations are commonly performed in chemistry, 

pharmaceutical, and biology-related industries when 

highly purified compounds are desired. This is the only 

method available to separate and isolate individual can-

nabinoids or any of the other various biomolecules in an 

extract or mixture. Many CBD products available online 

or in nonregulated cannabis retail outlets are made us-

ing CBD isolate because it helps ensure the concentra-

tion of THC is below the federally legal limit of 0.3% by 

weight and makes formulations more reliably reproduc-

ible. This also means no other biomolecule was part of 

the CBD addition and the entourage effect is not rel-

evant unless very careful and complicated processing 

and formulation is done.

Conclusion

While some people may not think it matters much if a 

budtender or salesperson interchanges “extract” with 

“distillate” in conversation, scientifically they mean dif-

ferent things. As the public’s understanding of these 

products grows, it’s important that industry represent-

atives use correct language and represent products 

correctly to prevent perpetuating misconceptions or 

stereotypes. There is still the issue of not necessarily 

having clear definitions for end products (for example, 

what exactly is the difference between wax, budder, 

and crumble and where do you draw the distinction?), 

but that is a conversation for another day. Stay tuned 

for more in-depth conversations on extraction-related 

topics in future installments of “Extraction Science.” 

Dr. Amber Wise

is currently the Science Director at Medicine Creek 
Analytics, a certified cannabis testing laboratory 
in Washington state. She was previously the Sci-
ence Director at Avitas, a licensed cannabis grower 
and processor in Washington and Oregon. Direct 

correspondence to: amber@medicinecreekanalytics.com
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mailto:amber@medicinecreekanalytics.com
http://www.CannabisScienceTech.com


ZZZ�%LJ6XU6FLHQWLƓF�FRP��������������������LQIR#ELJVXUVFLHQWLƓF�FRP

No Sample Preparation!

Save Time and Money
by Doing Your 
Own Analyses!

831.205.3203
Fast and Easy

Push-button operation gives results 
in under 2 minutes

Determine
&DQQDELQRLG�SURƓOHV�LQFOXGLQJ�7+&$��7+&��

&%'$���&%'��&%*$��&%*�	�&%1

7HUSHQH�3URƓOHV�LQFOXGLQJ�0\UFHQH��
&DU\RSK\OOHQH��+XPXOHQH��3LQHQHV��

/LPRQHQH��	�/LQDORRO

,Q�ŴRZHU��WULP��RLOV��H[WUDFWV��GLVWLOODWH��
VKDWWHU��UHVLQ��	�URVLQ

Accurate
:LWKLQ�����RI�UHIHUHQFH�ODE�YDOXHV

No Sample Preparation
1R�JULQGLQJ��ƓOWHULQJ��RU�VROYHQWV�UHTXLUHG

1R�6DPSOH�6DFULƓFH
2QO\�D�IHZ�PLOOLJUDPV�RI�VDPSOH

DUH�QHHGHG�SHU�DQDO\VLV

The BSS 2000 Cannabis Analyzer

Big Sur Scientific
Bringing Science to the Art of Cannabis

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


28 Cannabis CCrosssroads

O
L

E
H

 M
A

R
K

O
V

/S
H

U
T

T
E

R
S

T
O

C
K

.C
O

M

CANNABIS SCIENCE AND TECHNOLOGY | www.CannabisScienceTech.com VOL 2 • NO 1 • JANUARY/FEBRUARY 2019

Ricki Lake Returns to Baltimore as Keynote 
of the Cannabis Science Conference East

For this installment of “Cannabis Crossroads,” I sat down with 2019 Cannabis Science Conference 
(CSC) East keynote speaker and television and fi lm icon, Ricki Lake. We discussed how she feels about 
returning to Baltimore, Maryland to speak at CSC East and her new award-winning documentary, 
Weed the People, a ground-breaking fi lm that follows fi ve families who are looking for an alternative 
to treat their children’s cancer. The fi lm documents their journey in utilizing cannabis as an option. 

Joshua M. Crossney

R
icki Lake has been a house-

hold name since 1988, when 

the world fi rst met and fell in 

love with her character “Tracy Turn-

blad” in John Waters’ iconic fi lm 

Hairspray. Her additional fi lm and 

television credits are extensive. At 

age 24, Lake became one of the 

youngest daily talk show hosts in 

history with the debut of The Ricki 

Lake Show. Day after day, millions 

of viewers tuned in for more than a 

decade, chanting “Ricki! Ricki!” as 

she discussed contemporary and 

sometimes more serious issues with 

a myriad of guests and a live studio 

audience in New York City. 

What some of you may not know 

is that Lake has cowritten two books, 

released a four-part DVD series, and 

served as executive producer on sev-

eral documentaries. Lake’s award-

winning, critically acclaimed docu-

mentary The Business of Being Born 

debuted at the Tribeca Film Festi-

val in 2017 and is often hailed as the 

“must see” fi lm among mothers-to-be. 

Lake created this fi lm with fellow fi lm-

maker, Abby Epstein, who served as 

executive producer. 

Lake and Epstein’s latest project, 

Weed the People, has already be-

come widely popular since it’s pre-

miere screening at the South by 

Southwest (SXSW) fi lm festival in 

March 2018 and at other fi lm festivals, 

such as the Nashville Film Festival in 

May 2018 where it received the “Peo-

ple’s Choice Award.” We are thrilled 

to have Lake and Epstein both joining 

us as speakers at our fi rst east coast 

conference in Baltimore, Maryland 

April 8–10 and to be hosting a special 

screening of Weed the People on the 

evening of April 9th with a cast and 

fi lmmakers Q&A discussion to follow. 

What inspired you to create Weed 

the People? 

Ricki Lake: My husband, Christian Ev-

ans, is the reason and the catalyst for 

Weed the People. He passed away on 

February 11, 2017 but was research-

ing cannabis for his own health is-

sues, both physical and mental, back 

in 2011–2012.  It was at that same time, 

we met a little girl who was suffering, 

which led us on a journey to explore 

integrative care for her that includ-

ed cannabis oil. That was the start of 

Weed the People.  

What was one of the most surprising 

things about cannabis that you 

learned during the process of fi lming 

Weed the People?

Lake: The most surprising thing I 

learned during the making of Weed 

the People is the hypocrisy with our 

own government. They hold a patent 

on this plant and at the same time 

say there is no medicinal value and 

it is a Schedule I drug. It makes no 

sense whatsoever.  

There has already been great 

reception and praise around the 

fi lm. Are you and Abby Epstein 

looking ahead to any other follow 

up projects that are also related to 

cannabis as a medicine?

Lake: Abby and I are always open to 

seeing where these projects go and 

what other stories need to be told. With 

The Business of Being Born, we ended 

up making a four-part educational se-

ries called More Business of Being Born, 

because there was so much interest 

and more information to share.  

The CSC Events team is excited to 

have other participants of the fi lm 

involved with the 2019 Cannabis 

Science Conference East, including 

Tracy, Josh, and Sophie Ryan. What 

has it been like getting to know 

these families on a personal level?

Lake: It has been wonderful get-

ting to know the families personally 

over the course of the last six years. 

I am so grateful to all of them for en-

trusting us to tell their stories. My 

husband Christian was able to get 

especially close to Chico, Sophie, 

and little AJ.   All of the families are 

incredibly brave and will undoubt-

edly help so many others by letting 

us document their journeys.

http://www.CannabisScienceTech.com
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What has the response been from 

families that have seen the fi lm 

that are also dealing with pediatric 

illnesses around the world?

Lake: The response from families 

with sick children has been over-

whelming. They get how power-

ful a film like this is for their plight 

to help their loved ones. We must 

change the mind-set about this 

plant so that we create a new un-

derstanding that this plant has the 

ability to help pretty much any and 

all ailments out there. We have 

even had families with their ex-

tremely sick children show up at our 

screenings looking for help. They 

are desperate. 

I know you were heavily involved 

in Baltimore-based projects early 

in your fi lm career. What are 

you most looking forward to in 

returning to Baltimore as keynote 

speaker at the Cannabis Science 

Conference East and screen Weed 

the People for the local community?  

Lake: I always look forward to com-

ing back to Baltimore, it is my home 

away from home. I made fi ve movies 

there all with John Waters, starting 

with Hairspray in 1988. I lived there for 

Figure 1: Weed the People fi lmmakers Ricki Lake (left) and Abby Epstein (right).

Figure 2: Joshua, Sophie, and Tracy Ryan (left to right), one of the fi ve families docu-
mented in Weed the People.
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as much as four months at a time. I am 

so excited to share Weed the People 

with the community there.  

Do you have any closing 

thoughts that you’d like to 

share with the Cannabis Science 

and Technology readers?

Lake: It is thrilling for me at this stage 

in my career to be doing work that 

is so important and in the case of 

this fi lm, is literally saving children’s 

lives. My beloved husband, Christian, 

would be so proud to know that his in-

itial interest in the powerful plant has 

sparked the making of this beautiful 

fi lm. It is his legacy and it is an honor 

to share it at your event. 

Conclusion 

The National Pediatric Cancer 

Foundation (NPCF) reports that 1 

in 285 children, or 43 children per 

day will be diagnosed with cancer 

and that cancer is the number one 

cause of death by disease among 

children (1). The NPCF also reports 

that only 4% of federal government 

cancer research funding goes 

to study pediatric cancer. Given 

these alarming pediatric cancer 

statistics and the lack of reliable, 

proven treatments, I believe many 

of us would also look at alternative 

treatments such as cannabis, 

especially with the ever-growing 

mountain of “anecdotal evidence” 

that we have seen year after year. 

The problem is that given cannabis’s 

Federal Schedule I status under the 

Controlled Substances Act, it is 

next to impossible to move forward 

with actual U.S.-based clinical 

research. Even if you can somehow 

get approved for a coveted U.S. 

Schedule I cannabis research license, 

there is currently only one source 

for obtaining federally approved 

cannabis for studies, which comes 

from the University of Mississippi 

using the National Institute on 

Drug Abuse (NIDA) archaic growing 

standards that have been outdated 

for decades.

It is great to see more and more 

celebrity influencers like Ricki Lake 

joining in our fight to normalize, legal-

ize, and standardize cannabis, espe-

cially for medicinal purposes. I’m glad 

that I had the chance to sit down with 

her for this column. I hope that you’ll 

all consider attending Ricki Lake’s talk 

at the 2019 Cannabis Science Confer-

ence East in Baltimore, Maryland on 

April 8–10 and our Baltimore screen-

ing of Weed the People. We will also 

have multiple participants of the film 

speaking at the conference, including 

Tracy Ryan and Dr. Bonni Goldstein, a 

California-based pediatrician special-

izing in treating sick children with 

medical cannabis. For more informa-

tion on Weed the People, please visit 

www.WeedThePeopleMovie.com

and to learn more about the 2019 

Cannabis Science Conference East, 

please visit www.CannabisScience-

Conference.com.

I’d like to close this column with a 

famous quote from Albert Einstein, 

“We cannot solve our problems with 

the same thinking we used when 

we created them.” This quote really 

stands out to me, given the fact that 

cannabis prohibition in the U.S. was 

based on propaganda (Reefer Mad-

ness), misinformation, stigma, racism, 

and greed. We must work together 

to ensure that our future is fueled 

with facts, honesty, and equality. We 

the people of the United States must 

share our knowledge and experiences 

and come together to continue to 

make cannabis a first-line option for all 

Americans, including families dealing 

with pediatric illness.

Reference

1) https://nationalpcf.org/facts-
about-childhood-cancer/.

Figure 3: Joshua Crossney (left) and Ricki Lake (right) after the screening of Weed the People 
during the Nashville Film Festival.
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Australia’s Cannabis Market: 
What Can the U.S. Learn?

As cannabis legalization ramps up in the United States, it’s important to look at other countries to 
see how they are handling the new age of cannabis legalization and discover what we can learn from 
them. Australia has taken a strong approach with its medical cannabis program, enlisting the help of 
the government, doctors, and pharmacists to make the program effi cient and reliable for patients. 
In this article, we take a closer look at Australia’s medical cannabis program, the laws surrounding it, 
and speak to Australian pharmacist Paul Mavor, who imported the fi rst legal commercial shipment 
of medical cannabis into Australia under the new regulations.

Megan L’Heureux

T
he United States is in a unique situation: As of Jan-

uary 2019, 23 states have legalized medical canna-

bis and 10 states as well as the District of Columbia 

(Washington, D.C.) have legalized adult use in addition 

to medical cannabis. However, cannabis is still illegal on 

the federal level, which means there is no oversight by 

government agencies for quality assurance and quality 

control testing or regulations. 

Because each state governs its own testing and quality 

control issues independently, it’s worthwhile to take notice 

of what other countries are doing—without the federal re-

strictions imposed in the United States. In this new column 

series, we will interview people involved in the cannabis 

industry in various countries to get a better understand-

ing of how cannabis programs are managed around the 

world. Here in the fi rst installment, we focus on Austral-

ia and discuss the laws, testing, and overall reach of the 

medical cannabis program they have in place. Let’s dis-

cover what we can learn from our friends around the world.

Australian Cannabis Laws at a Glance

Australia is composed of six states: Queensland, New South 

Wales, Victoria, Tasmania, South Australia, and Western Aus-

tralia. There are also several territories, two of which were 

granted a limited right of self-government by the feder-

al government (called the Commonwealth)—the Northern 
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Territory (NT) and the Australian Cap-

ital Territory (ACT). The responsibility 

for regulating medicines and poisons 

is shared between the Commonwealth 

and the states and territories. The 

Commonwealth controls what drugs 

may be used for therapeutic purposes 

and the individual state or territory reg-

ulates patient access to those drugs (1). 

Similar to the United States, many of 

the states in Australia introduced their 

own cannabis legislation prior to pas-

sage of a Commonwealth law, which 

is discussed in more detail below. 

The legislation pushing for legalized 

medical cannabis in Australia at the 

Commonwealth level included sev-

eral amendments to the federal Nar-

cotics Drugs Act 1967 that decriminal-

ized the use and supply of medicinal 

cannabis (2). In 2017, the Therapeutic 

Goods Administration rescheduled 

certain medicinal cannabis products 

to schedule 8 of the Poisons Standard, 

which made the prescription of me-

dicinal cannabis legal in Australia. The 

Therapeutic Goods Administration 

published guidance documents for 

health professionals and consumers 

to provide advice and further expla-

nation about the evidence for use of 

medicinal cannabis products. A series 

of systematic reviews by the Nation-

al Drug and Alcohol Research Centre 

informed the evidence-based guid-

ance documents which assess the evi-

dence for use of medicinal cannabis in 

the following conditions (3):

• pediatric and adult epilepsies

• multiple sclerosis (MS)

• nausea and vomiting 
resulting from chemotherapy 
and HIV/AIDS therapy

• various types of pain

• palliative care.

Victoria

Victoria was the fi rst state to introduce 

legislation to legalize medical canna-

bis in 2016, in a law referred to as the 

Access to Medicinal Cannabis Act 2016. 

That legislation went into effect in ear-

ly 2017, making it legal for medical can-

nabis to be used by children with se-

vere, treatment-resistant epilepsy (2). 

Since then, the Commonwealth im-

plemented its own laws and Victoria is 

now following those federal guidelines. 

The Access to Medicinal Cannabis Act 

2016 is no longer necessary under the 

Commonwealth law, but patients that 

were granted compassionate access 

under the program will continue to re-

ceive funding provided for under that 

law through June 2020 (4).

Queensland

Queensland instituted the Public 

Health (Medicinal Cannabis) Act 2016 

in March 2017. This law allowed med-

ical cannabis by prescription from 

specialists for use by patients with a 

range of conditions including MS, ep-

ilepsy, cancer, and HIV/AIDS (2). 

New South Wales

New South Wales introduced legisla-

tion for use by adults with end-of-life 

illnesses that went into effect in July 

2016 (Poisons and Therapeutic Goods 

Amendment Regulation 2016). 

South Australia 

In November 2016, South Australia le-

galized prescriptions from doctors un-

der certain conditions. The South Aus-

tralian Controlled Substances Act 1984 

regulates the prescribing and supply 

of medicines in South Australia and ap-

plies to medicinal cannabis products 

as follows (3): “A section 18A authori-

ty to prescribe a medicinal cannabis 

product that is a Schedule 8 controlled 

drug (drug of dependence) is required:

• after 2 months of treatment or 

before commencing treatment 

where the person has already been 

prescribed a Schedule 8 drug for 

a period exceeding 2 months

• before commencing treatment 

for any person the medical 

practitioner reasonably believes 

to be dependent on drugs.”

Western Australia 

Western Australia also legalized me-

dicinal cannabis prescriptions from 

doctors under certain conditions in 

November 2016 (2).

Tasmania

The Controlled Access Scheme began 

in 2017 in Tasmania, which allowed 

patients to access unregistered me-

dicinal cannabis (2). No legislative 

changes were required. The scheme 

reportedly allows relevant medical 

specialists to be authorized to pre-

scribe medical cannabis (unregis-

tered cannabinoid products) in limit-

ed circumstances where conventional 

treatment has been unsuccessful (5).

Northern Territory 

The Northern Territory follows the 

laws of the Commonwealth through 

the Therapeutic Goods Administra-

tion. Access is restricted to patients 

with certain medical conditions (2).

Australian Capital Territory 

The Australian Capital Territory le-

galized medicinal cannabis for peo-

ple who fall under category 6 illness-

es within certain criteria as of 2017 (2). 

This law seems to be in accordance 

with the Commonwealth.  

The Australian Viewpoint

Now that we know the status of me-

dicinal cannabis in Australia, we can 

discover how people access it there 

and what kind of testing or regu-

lations are in place by speaking to 

someone with fi rsthand knowledge 

of the Australian market. 

Paul Mavor is a registered phar-

macist in Australia and the UK as well 

as the CEO and Founder of Health 

House International. He became in-

terested in the cannabis industry after 

seeing some U.S. data on drug over-

doses, mainly the horrendous death 

toll from opiates, which contrasts 

with the statistic of the zero deaths 

http://www.CannabisScienceTech.com
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that have been attributed to canna-

bis. “I started researching mainly to 

prove that statistic wrong, but found 

not only was cannabis almost impos-

sible to overdose on but had a num-

ber of medical benefi ts,” said Mavor. 

“One of the biggest uses is for chronic 

pain which is a massive problem both 

in Australia and globally.”

Mavor’s wife Sharlene is a medi-

cal scientist and shares his passion 

for researching medical cannabis and 

travelling to cannabis conferences 

around the world. One of those, the 

fi rst Cannabis Science Conference in 

Portland, Oregon in 2016, was a real 

eye opener, because it showed them 

the importance of the science and 

testing behind the industry. “While 

the business side of the industry is 

important, I think some of the science 

behind cannabis will grow brands ex-

ponentially,” Mavor said.

Testing, Quality Control, 

and Exporting  

With that science in mind, we asked 

Mavor how Australia handles its can-

nabis testing and quality control. He 

explained that all cannabis in Austral-

ia has to conform to a series of gov-

ernment standards called the Ther-

apeutic Goods Order 93 (or TGO93), 

which means they have to be of 

known purity and potency and free 

from mycotoxins, solvents, pesticides, 

fungus, and heavy metals.

Mavor also explained that all 

cannabis in Australia is produced 

via good manufacturing practic-

es (GMPs), which sets the bar pret-

ty high. He described some of the 

products that will be offered in Aus-

tralia under the GMP guidelines, 

noting that there is only one Austral-

ian product to market at this stage 

because the industry is still in its 

infancy. “We are adopting a strict 

medical model aimed at produc-

ing concentrates such as oils, cap-

sules, sprays, and so on,” he said. “I 

see these as being a far better de-

livery method than smoked canna-

bis because it delivers better (lower) 

more constant levels. In this way, it 

is no different from any other phar-

maceutical sold as medicine. I think 

this is smart and predict most of the 

world will end up adopting pharma-

cy-based cannabis distribution, at 

least for medical use.”

Australia is also gearing up to allow 

the export of cannabis, particularly to 

Asia, Mavor stated. “This will hope-

fully allow the industry to grow and 

provide jobs. Canada has already 

done this, but there are a couple of 

major cannabis producing countries 

like the U.S. and Israel who are yet to 

allow export,” he said.

The Good and The Bad

As with most legislative and distribu-

tion frameworks for cannabis, there 

are aspects of the Australian system 

that work well and others that could 

use improvement. In Australia—un-

like in the United States—cannabis 

research has been actually encour-

aged by the government since can-

nabis became federally legal—a ma-

jor positive in terms of advancing the 

use for medical applications. “There 

are many projects underway on var-

ious medical conditions where there 

is insuffi cient evidence to prove that 

it works,” Mavor said, adding that 

a number of clinical trials are taking 

place for different medical applica-

tions. “The research is supported 

and sometimes funded by state and 

federal government, while other re-

search is funded privately or by grant 

money,” he said.

For example, the Lambert Initia-

tive for Cannabinoid Therapeutics 

at the University of Sydney is one of 

the main research groups in Austral-

ia studying cannabis. According to 

Mavor, the group became well-fund-

ed when a wealthy businessman, Bar-

ry Lambert and his wife Joy, donated 

A$34 million (equivalent to about US 

$24.5 million) to fund cannabinoid re-

search. “Their granddaughter, Kate-

lyn, suffers from Dravets Syndrome 

and they were interested in the re-

search the University of Sydney was 

doing,” said Mavor. “The Lambert 

Initiative now has several teams do-

ing extensive research in a number 

of areas including childhood epilep-

sy, neurological disorders, and can-

nabis and driving.”

In addition, there are a number 

of clinical trials being carried out in 

Figure 2: Paul Mavor on a recent trip to 
Tel Aviv, Israel standing in front of a can-
nabis vending machine.

Figure 1: Paul and Sharlene Mavor 
picking up the very fi rst Australian ship-
ment of medical cannabis (from Canada) 
at the airport.
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Australia in areas such as drug resist-

ant epilepsy, palliative care, and sleep 

studies as well as several other trials 

that are in development (6). Mavor 

also mentioned that preclinical work 

has been published by Professor Mar-

co Falasca of Curtin University in 

Western Australia on rat models 

using a combination of cannabis 

and chemotherapy for pancreatic 

cancer. Falasca’s study has shown 

the life expectancy has increased 

four-fold and they are just mov-

ing on to human trials now (7,8). 

“Considering most of these pa-

tients have a very low survival rate 

and treatments have not changed 

in 50 years, this has the potential 

to be a substantial breakthrough,” 

Mavor added. 

Mavor said there are also a 

number of educational pro-

grams being rolled out across 

Australia that are teaching pre-

scribers about the endocannab-

inoid system and some of the 

clinical evidence surrounding 

medical cannabis.

Mavor also praised the phar-

macy distribution method, par-

ticularly in comparison to the dis-

pensary system in the U.S. “In 

my opinion, having a pharma-

cy distribution method is really 

good because pharmacists can 

not only counsel and monitor pa-

tients, but they are also qualifi ed 

to assist with any potential inter-

actions,” he said.

In addition, the government is 

closely monitoring the medical 

cannabis prescriptions for any ad-

verse reactions, which they do for 

all medications. “So far, patients 

have only had access to GMP 

cannabis under medical super-

vision. In most cases it has been 

really well tolerated,” said Mavor. 

“Part of the approval process for 

prescriptions requires extensive 

treatment monitoring.”

However, there are some limita-

tions to the program. Patient ac-

cess, for example, is a problem that 

is slowly being addressed. When the 

government fi rst legalized cannabis, 

Mavor said that all prescribers had 

to submit any application to various 

committees that contained a large 

number of members, some of whom 

were anti-cannabis. “These com-

mittees were based on ones used 

to restrict doctors from prescribing 
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amphetamines and, as a result, they 

have stifl ed the prescribing process 

and taken up to two months to ap-

prove any applications,” he said. 

“This is slowly being switched to a 

one-page online form that is being 

processed under delegation within 

48 hours.”

Other aspects that make patient 

access diffi cult include fi nding a pre-

scribing doctor, which may require 

sign off from a specialist, in addition 

to obtaining federal and state ap-

proval. Furthermore, Mavor said Aus-

tralia is currently relying on imported 

medicines until their own domestic 

production gets up to speed. “Lots 

of barriers exist, but we are starting 

to see some light at the end of the 

tunnel with patient numbers increas-

ing,” he said. 

Currently, there are 10 additional 

medical conditions that are being ap-

proved by the Australian federal gov-

ernment for treating doctors to pre-

scribe for patient use. These are:

• chronic pain

• drug resistant epilepsy

• nausea in cancer related 
chemotherapy patients

• palliative care

• multiple sclerosis

• post-traumatic stress disorder

• insomnia

• anxiety

• restless legs and agitation 
in dementia patients

• symptoms of autism

Mavor said that other conditions 

aren’t disallowed, they just need a 

gold standard clinical trial to provide 

enough evidence to justify their use. 

“I predict in the next couple of years 

that a number of more conditions will 

be added to this list as results of re-

search is published worldwide,” he 

said. Currently, the government are 

allowing uses where medical canna-

bis is treating the symptoms of dis-

eases when patients have tried other 

therapies unsuccessfully for more than 

three months.

The Business Model 

Australia’s business model for medical 

cannabis does not allow for vertical in-

tegration. Companies need to get ap-

proval from the Australian Offi ce of 

Drug Control (ODC) for one of three 

licenses: cultivation, manufacturing, 

and research. According to Mavor, as 

of August 2018 only 42 licenses had 

been issued: 19 for cultivation, 10 for 

manufacturing, and 13 for research.

At present there are about 20 Aus-

tralian cannabis companies listed on 

the stock exchange with a market 

cap of around A$1 billion dollars (U.S. 

$700 million) and approximately 100 

companies that are not listed.

Adult or Recreational Use 

Cannabis is still illegal for adult or 

recreational use in Australia, and that 

does not seem likely to change soon. 

“Most people (91%) support medical 

cannabis,” Mavor said. “Support for 

adult use or recreational is a lot lower.” 

However, Mavor thinks it is a fore-

gone conclusion that adult use legal-

ization will happen in 10 to 15 years. 

“Most jurisdictions around the world 

that have legalized for adult use have 

run a successful medical program 

for a number of years and then have 

down-scheduled cannabis to allow it 

for recreational purposes,” he said. 

“From a harm minimization point of 

view, I see that it can reduce harm 

and crime by allowing people access 

to tested legal product as well as of-

fer an alternative to alcohol.” 

Mavor also mentioned the recent 

referendum scheduled in neighboring 

New Zealand in 2020, which he believes 

could potentially accelerate the argu-

ment in Australia if it’s successful (9). 

What Does the 

Future Hold for Australia? 

Mavor believes that Australia is well 

positioned to conduct more research 

into medical cannabis. He also fore-

sees a down scheduling of cannabis, 

making access easier for patients for 

a wider range of medical conditions. 

Mavor also thinks Australia is 

primed to be a major cannabis export-

er of medical-grade cannabis, given 

the country’s geographical proximi-

ty to Asian markets. “There are more 

than one billion Indians and Chinese 

that have a long history of using medi-

cal cannabis dating back thousands of 

years,” he said. “I predict that in com-

ing years this will be a massive and 

emerging cannabis market.”

Conclusion

As Australia’s medicinal cannabis pro-

gram enters its third year, it offers a lot 

of positive lessons for state-level reg-

ulators in the United States. For ex-

ample, the pharmacy delivery meth-

od ensures that patients have access 

to a healthcare professional every step 

of the way. The GMP regulations that 

apply to all cannabis in Australia are 

also important for ensuring product 

quality. How is the cannabis in your 

state tested and what is required? Do 

you know? Without federal oversight, 

there are many questions of quality 

control left unanswered in the Unit-

ed States. As consumers, it is our right 

to demand quality products that are 

free of harmful contaminants; product 

quality is even more important in med-

ical products. We should treat canna-

bis like medicine and test it that way. 

Figure 3: Paul Mavor presenting at the 
2018 CannaCiencia conference in Bogo-
ta, Colombia. 
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Future Installments

In the next installment of this column, 

we will take a closer look at Israel and 

speak to leading cannabis researcher 

David (Dedi) Meiri of the Laboratory 

of Cancer Biology and Cannabinoid 

Research at Technion Israel Institute 

of Technology.

To read the full interview with Paul 

Mavor, please visit: www.cannabiss-

ciencetech.com/cannabis-voices/aus-

tralias-cannabis-market-insiders-view.
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Tips and Tricks to Prevent 
Contamination in Your Grow Facility

This tutorial article addresses some typical sources of pathogen and pest contamination in grow 
facilities and provides practical advice on how to reduce the associated risks by using some best 
practices. It discusses preventive measures directed at minimizing the breeding grounds for 
fungi and bacteria inside the grow facility, limiting the spread of existing contaminations, and 
implementing sanitary measures at and around the entrances. The latter include controlling the 
presence and proliferation of other plant species growing nearby, some of which may be common 
garden vegetables.

Emil Radkov

T
here are certain tips and tricks a grower can use to 

prevent or limit the spreading of contamination with 

pests or pathogens in the grow facility. Some of 

those are simply about avoiding common mistakes, while 

others require some fi nancial investment and labor to im-

plement. The latter group may be particularly appropri-

ate for larger facilities, where a widespread contamina-

tion can be particularly devastating.

The following tips and tricks are divided into three 

groups, based on the place or time of their use. The 

fi rst group is about the area surrounding the grow facili-

ty and involves preparations to be done prior to starting 

the grow inside, as well as ongoing measures to be car-

ried out throughout operation. The second group focus-

es on preventing contamination inside the facility, while 

the third one is about limiting one that has already been 

found. A short rationale is also provided for each case.

Tips and Tricks for Outside the Grow Facility

• Regularly cut grass and minimize other vegetation 
(such as shrubs) around the facility. This practice 
limits the breeding grounds for insects and 
pathogens in places from where they can get 
inside most easily. It is particularly important 
to follow in rural and suburban areas.

• Do not plant cucurbits (pumpkin, squash, cucumbers, 
zucchini) anywhere near the facility. This family 
of plants is particularly known to harbor certain 
insects and pathogens that can easily jump hosts 
to cannabis, hence the recommendation.
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• Monitor any plants growing 
nearby for pests and disease. 
Many other plant species can 
act as a reservoir of infestation 
as well, so it is important to 
check those out on a regular 
basis for any signs of insect 
proliferation or disease that may 
be transferable to cannabis.

• Also thoroughly inspect and 
monitor any plants growing inside 
your home for pests and disease 
that may be transferable to your 
grow area. Do not assume that 
your indoor house plants are free 
of disease or insects, especially 
if recently brought in from the 
outside. Signs of infestation may 
be very subtle and hard to detect 
without close inspection (which 
would typically require the use 
of a strong magnifying glass), 
while the associated risk of it 
spreading to the grow facility 
on the surface of your clothing 
or skin can be quite high.

• Create plant-free walkways 
covered with gravel, stone, or 
concrete and use only them to 
walk  around and enter the grow 
facility. Keep these walkways 
clean and regularly swept. Any 
organic matter covering the 
ground (such as fallen tree leaves 
and even mulch) is an effective 
“shelter” for both fungus and 
insects, including through the 
dead of winter. Walking on 
cleaned pathways made of 
inorganic materials reduces the 
risk of contaminating the grow 
facility with anything sticking on 
shoes and getting brought inside.

• Do not take inside the facility 
any gardening tools used on 
other plants. This is to prevent 
any microscopic “hitchhikers” 
from getting an easy ride in.

• Make sure no house pets 
(dogs, cats, and so on) follow 
you inside. Pets can carry all 
kinds of microorganisms on 
their paws or legs and spread 
them everywhere they go.

• Be careful with your grow medium 
(for example, bringing in outside 
compost can bring in outside 
disease). Same rationale as for 
any organic matter above, with 
the added danger of putting 

infected material in direct 
contact with the plants inside.

• Do not bring in outside plants 
or cuttings unless reasonably 
certain that they are pest- and 
disease-free. This is important 
to follow if you are using any 
external source of green plant 
stock. Using multiple such sources 
also multiplies the related risk.

• Wash your hands and use a 
bacterial disinfectant before you 
enter your grow rooms. Place a 
disinfectant on the wall by your 
door to use before entering. This 
is a matter of basic hygiene—think 
of it as a necessary precaution 
before visiting your “babies.” 

• Do not let any unfi ltered outside 
air fl ow into the facility. It is simply 
not enough to put a fl y screen 
on the entrance of an air duct 
(or a window for that matter) 
and allow air to enter the facility 
though it. Insect screens would 
still let all spores and bacteria 
through. To stop those, it is 
absolutely necessary to use a high 
effi ciency particulate air (HEPA) 
grade fi lter for the incoming 
air—preferably in tandem with a 
full heating, ventilation, and air 
conditioning (HVAC) system.

Tips and Tricks Inside 

the Grow Facility

• Place disinfecting mats right 
after each door leading into 
the facility and make sure that 
everyone coming in uses them. 
This is to kill any pathogens 
stuck on shoe soles.

• Use a dedicated set of tools 
that should not be used on 
any other plants. This way no 
contamination gets transferred 
in from other plants that may 
carry pests or pathogens 
affecting cannabis as well.

• Install a plastic curtain right 
inside each entrance. This 
precaution aims to prevent 
insects from fl ying in while the 
entrances are being used.

• If possible, create a positive air 
pressure inside the grow area 
(such that air fl ows from the 
inside out). This tip reduces the 

risk of airborne contaminants 
getting in from the outside.

• Install an air shower at the 
entrance and have everyone 
going in pass through it. In 
this case, contaminants on 
people entering the grow 
area are blown away.

• Ensure that all fl oor surfaces can 
be wet-cleaned and scrubbed 
with disinfectant as necessary. 
(This also means no carpeting 
anywhere.) This measure is 
necessary to enable the next tip.

• Swipe and scrub the fl oors 
clean regularly. Use mops or 
rags soaked in clean water 
or disinfectant solution.

• Do not dry sweep the floor. 
Ever. Dry sweeping puts back 
into the air whatever spores 
and bacteria have settled on 
the floor. Because of this, it 
is potentially harmful to the 
health of both people and 
plants. The right way to sweep 
is after sprinkling water (or 
disinfecting solution) onto the 
floor, such that the dust on it 
is wetted and doesn’t rise into 
the air. All sweepings should be 
placed immediately in garbage 
bags, which should be then 
tied and promptly discarded.

• Cover all porous walls with clean 
plastic sheets. If using “panda” 
type sheets, ensure that the white 
surface faces in towards the grow 
room, for better light utilization. 
This helps keep the wall surfaces 
clean and hinders the spread of 
any pathogens lurking inside the 
pores of the walls. It also makes 
the application of insecticides 
and fungicides more effective.

• Alternatively, use a wall covering 
like fi berglass reinforced 
plastic (FRP). The food industry 
uses FRP and it can be easily 
cleaned and sterilized. 

• Seal fl oor and wall joints with 
silicone. Bathroom silicone caulk 
found in hardware stores works 
fi ne for this purpose. Sealing 
stops the ingress of insects and 
also prevents insects that may 
already be inside the room from 
hiding in existing crevices.
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• Have everyone working in the 
grow area wear protective 
clothing (for example reusable 
or disposable coveralls) and 
have it washed or changed at 
least on a weekly basis. This 
practice is particularly important 
for large facilities. The risk of 
contamination is generally 
proportional to the number 
of people working inside.

• Put disposable gloves on while 
handling plants inside the grow 
facility, including for trimming 
and drying. Using gloves both 
reduces the risk of contamination 
of the product and makes hands 
much easier to wash afterwards.

• Implement wearing disposable 
booties inside, especially if 
contamination has been a 
problem in the past.  Shoes 
can also carry “hitchhikers” on 
their sides and this measure 
is the same as in hospitals.

• Do not allow any house pets 
to walk around. Same reason 
as for not letting house pets 
inside the grow facility in the 
first place. Allowing even a 
thoroughly cleaned pet to 
roam around the grow room 
would also let the pet spread 
around whatever contaminants 
may lie on the floor.

• Check your plants daily for signs 
of pest or pathogen infestation, 
using a 10x magnifying glass 
on any suspiciously looking 
areas. Remember to look at the 
underside of leaves as well. The 
early signs of many pests and 
pathogens spreading are easy 
to miss. The more an infestation 
advances, the harder it gets 
to fi ght and the more lasting 
damage it does. By the time 
a problem can be seen from 
across the room, it may be too 
late to save the affected plants.

• Invest in a dehumidifi er if the 
air in your area is very humid. 
High relative humidity of the 
air promotes fungal pathogen 
growth. In some areas (especially 
near large bodies of water), 
the average air humidity may 
be too high for a typical AC 
system to handle. In such 
cases, installing at least one 

dehumidifi er in each grow room 
can be a great investment.

• Sterilize your grow containers 
and rooms after each harvest. 
This practice “resets” whatever 
contaminants may be present in 
the room (even if not manifesting 
as an outright infestation) to 
the lowest possible levels.

• Use sticky traps for insects, 
check them often and change 
them as needed. Keep some 
fl y strips hanging. These can 
also be an early warning sign if 
you see any insects on them.

• Apply insecticides and fungicides 
consistent with your grow type 
and stage on a regular basis (for 
example, biweekly). It’s a great 
practice to establish a schedule 
for the preventive application 
of your favorite pest control 
formulations and stick with it.

• Periodically wash and disinfect 
all tools and vessels used in the 
grow room. Keep your tools 
cleaned and sanitized. For 
example, use diluted bleach 
for all non-metallic tools or 
vessels and rubbing alcohol 
on metals. Other disinfecting 
formulations based on hydrogen 
peroxide, peroxyacetic acid, 
and quaternary ammonium 
salts are also acceptable at the 
right dilution, done by following 
all manufacturer instructions 
and safety precautions.

Limiting the Spread of 

Existing Contaminations

• Remove promptly all leaves and 
small branches showing signs 
of infestation with pests or 
pathogens and dispose of them 
in a tightly closed plastic bag 
(do not store them inside the 
grow facility for any length of 
time). Oftentimes, an infestation 
would start in a single spot 
and spread out from there. 
Removal of that “hot spot” can 
effectively stop it in its tracks.

• If a single plant is showing signs 
of advanced infestation or disease 
but the nearest plants around 
it look OK, consider taking that 
plant out (along with its grow 
container) as soon as possible 

and disposing of both in tightly 
closed plastic bags. It may be 
heart-wrenching for a grower 
to destroy an entire fully grown 
plant (or two) but that may still be 
preferable to ruining the entire 
crop by letting an infestation 
spread. This is particularly 
true in the case of aggressive 
pathogens such as grey mold, 
which can spread like a wildfi re 
around the grow room and ruin 
a crop in a matter of days.

• Keep insecticides and fungicides 
ready to use on short notice. 
Whenever an infestation is already 
at work, time is of the essence for 
any countermeasures. Stocking 
some common insecticides 
(like pyrethrum) and fungicides 
(like copper octanoate) saves 
precious time for trips to 
the store or mail delivery.

• Apply insecticides or fungicides 
that are consistent with your grow 
method and stage to both the 
plants showing signs of pests or 
fungal disease and to all healthy 
looking plants in the same room. 
Keep in mind that you may not be 
seeing the full picture and such 
treatment should never be limited 
only to the visibly affected plants.

• Consider using biological means 
of defense (such as predator 
mites or ladybugs), especially 
if growing organic. There are a 
variety of such means available 
commercially. They may not 
be compatible with chemical 
insecticides, but biological means 
can be very helpful in managing 
persistent problems with pests 
like spider mites and aphids.
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Lean Manufacturing: 
Outsourcing Production, Ensuring 

Quality, and Eliminating Waste

Increasing costs are a stark reality for today’s cannabis manufacturer. Companies can address those 
increasing costs and create a more competitive marketplace by implementing and managing “lean 
manufacturing” practices. This tutorial offers a broad overview of lean manufacturing.

Paul M. Reece and Leonard B. Antosiak

O
utsourcing your production can be an excruci-

ating experience. However, selecting a contract 

manufacturer (“supplier”) for your production 

with a strong lean culture and proven lean systems, is 

your best insurance for avoiding price increases. Also, it 

helps to ensure that your cost and quality objectives are 

met and will continue to be met.

There are lean programs and lean defi nitions, but the 

sole purpose of lean involves driving waste from all as-

pects of the business. Lean manufacturing, a Japanese 

philosophy, is simply the elimination of waste through 

continuous improvement. 

Developing the Scope of Work

Planning and creating clear expectations are the key to 

successful outsourcing for your product’s manufactur-

ing all the way through to the fi nal packaging. Develop 

a thorough, exact set of specifi cations or requirements 

that paint a clear picture of your desired outcome. In-

clude everything from the supplier’s vendor selection, 

product and packaging design, date and method of ship-

ment, and everything in between. Milestones are critical 

during the supplier planning and approval phase, the 

launch phase, and during production. Developing the in-

itial contract is the most important step in the outsourc-

ing process, although it’s not the only critical step.

Values and Culture

Subcontractors may not necessarily share your val-

ues, or they may not have a culture that is conducive 

to continuous improvement. Your supplier evaluation 

should include a review of the subcontractor’s philos-

ophy, employee morale, housekeeping, teamwork, and 

their commitment to continuous improvement. Un-

derutilized human potential (the ninth form of waste) 

is essential to a successful outsourced project. This 

is often overlooked, and it encompasses the greatest 

opportunity for achieving production cost, quality, and 

delivery objectives.

Managing the Scope of Work

Buyers who have their own set of requirements or needs 

may negotiate your production contract. While the produc-

tion, sales, and quality teams may all have different expec-

tations or needs from that of the buyer. This is a recipe for a 

very diffi cult customer and supplier relationship. This is the 

time to focus on common goals to ensure that all the needs 

of the affected teams are met. An experienced program 

manager will ensure the scope of the work is clear to all par-

ties, from the negotiation stage to completion. A compe-

tent program manager will also ensure the scope of work is 

met, while educating customers and suppliers of the doc-

umented agreement. You should get what you agreed to 

pay for! Defi ning that in the beginning and managing those 

expectations is crucial to a successful outsourced product. 

A responsibility, accountability, consultation, and infor-

mation (RACI) matrix is an effective tool for clarifying and 

ultimately managing the scope of work. RACI defi nes who 

is responsible for which deliverables: planning setup, re-

porting, delivery, transportation, and so forth.

Supply Chain Management

The scope of work needs to defi ne responsibilities for not 

only your supplier, but also for your supplier’s responsibili-

ty to manage their supply base. For example, you don’t want 

an ingredient substituted for in your fi nished product, not be 

told about that change, and subsequently not have it identi-

fi ed on the product’s label. Substitutions are not uncommon, 

and many times occur somewhere in the supply chain. Any 

substitution needs to be identifi ed and properly addressed.

Lean Manufacturing Principles

Specifi c expectations should be spelled out in the scope 

of the work for continuous improvement, in adherence 
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to the lean manufacturing principles 

outlined below.

Assessing Lean Capabilities

The easiest and most telling place to 

start assessing a supplier’s lean capa-

bilities is in housekeeping. This area 

is critical to eliminating waste and to 

the overall quality of your manufac-

tured product. The supplier’s work ar-

eas, warehouse, and offi ce should be 

organized, labeled, and in showroom 

condition. The supplier should ensure 

that only those things required for 

the work area are present in that area. 

Everything in the work area should be 

labeled, have a home, a purpose, and 

always be accessible to the operator.

Housekeeping and cleaning are 

drop-dead issues for regulatory agen-

cies. For good insight, visit all the reg-

ulatory agency websites and written 

materials governing your organiza-

tion’s expectations regarding cleaning.

Forms of Waste

The Japanese have a word, Muda, 

which literally translates as “futility;” 

in lean this is called “waste.” There are 

seven forms of waste identifi ed in lean 

manufacturing; there are additional 

forms of waste sometimes identifi ed 

by different authors. We believe there 

are two additional, important forms of 

waste for a total of nine.

1. Defects: reworking or 

scrapping product is an 

unnecessary cost and motion

2. Waste in the production process: 

corrected with line balancing

3. Overproduction: making things 

not required by the customer

4. Wait time: operators should 

never have to wait for material

5. Transportation: an opportunity 

to optimize the process

6. Inventory: too much or too little 

raw material, work-in-process, 

fi nished goods, and so on

7. Unnecessary motion 

(of employees)

8. Unsafe or nonergonomic 

work conditions

9. Underutilized human potential: 

skills, talents, and creativity 

(ask your employees)

Lean philosophies should be 

applied throughout the supplier’s 

organization. Look for applications in 

the manufacturing suite, packaging 

operation, warehouse, quality control, 

and anywhere you believe that waste 

can be eliminated. Companies tend 

to overlook the administrative pro-

cess; this area doesn’t get the focus it 

deserves. While it’s true there are a lot 

of opportunities to improve manufac-

turing, no part of a business is exempt 

from the need to eliminate waste.

When assessing a supplier’s capabil-

ities, review their approach to dealing 

with each of the seven primary forms 

of Muda or waste.

Defects

Ensure the supplier counts all de-

fects, tracks trends, and makes deci-

sions based on that data. “The ‘cost 

of quality’ isn’t the price of creating 

a quality product or service, it’s the 

cost of not creating a quality product 

or service.” – W. Edwards Deming.

Waste in Production

Suppliers should balance their pro-

cess using effective line balancing 

practices, and they should design 

their process to the time available to 

complete the work (TAKT time).

Overproduction

Suppliers should manufacture to their 

customer’s needs. It is very easy to 

tie up a lot of money in raw materi-

al, work-in-process, or fi nished goods.

Wait Time

Operators should be treated like sur-

geons. They should have everything 

they need within their reach to per-

form their jobs. Changeovers should 

be planned and choreographed so 

there is no wait time and no special 

tools are required. An effective docu-

mented preventive maintenance pro-

gram will reduce wait time and pro-

duction interruptions.

Operators should never have to 

wait for materials to be blended for 

compression, a solution to be mixed 

for the fi ller, or for bottles to be fi lled 

with product. An effective preventive 

maintenance program properly imple-

mented and managed, along with pre-

cision planning and scheduling, can 

eliminate a large source of wait time.

Transportation

Poorly designed internal materi-

al routes result in unnecessary trans-

portation hours and congested traffi c. 

Repeatedly handling material, and not 

having material stored near the point-

of-use creates waste. This should be 

done in compliance with your specifi c 

governing manufacturing guidelines 

per the U.S. Food and Drug Admin-

istration (FDA), United States Depart-

ment of Agriculture (USDA), standards 

organization, and so on.

Inventory

Suppliers should set inventory levels 

(raw material, work-in-process, and 

fi nished goods) at their lowest com-

fort level based on your demands. 

Too much inventory ties up money 

and can lead to obsolescence. It must 

be stored, counted, and rotated—all 

of that requires resources.

Unnecessary Motion

This entails nonvalue-added activities 

like moving material, multiple times 

handling material, and inspecting ma-

terial. (Sometimes you need to inspect 

things, but inspection is a nonvalue-

added activity, and is the result of a pro-

cess that produces defects).

The Cost of Injuries

All injuries are preventable. They are 

100% wasteful and destroy trust in 
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management and hurt morale. Sup-

pliers must have an aggressive safety 

program that focuses on prevention 

and includes all disciplines. The safe-

ty program must set priorities that ad-

dress the highest risks. Injuries at your 

supplier’s facility will affect your costs 

and security.

Underutilized Human Potential

This is the most costly and nonrecog-

nized form of waste. Not including 

all employees in solving problems in 

their areas or in making needed im-

provements, not soliciting everyone’s 

ideas, not listening, poor or ineffec-

tive leadership, poor personnel inter-

actions, a lack of common goals be-

tween departments and shifts, and 

poor morale all result in a tremen-

dous amount of waste.

Employees want to be a part of the 

solution. Employee empowerment 

is essential to your suppliers and to 

your success.

Your outsourcing system should 

evaluate the supplier’s level of em-

powerment, participative decision-

making, gain sharing, and continuous 

improvement initiatives. You should 

determine if the supplier has a for-

mal program to solicit employee ide-

as. Employees can identify waste in 

an operation better than any other 

source. They will tell you if asked, and 

if they feel it is their best interest to do 

so. Suppliers should involve their em-

ployees, and everyone should feel a 

sense of ownership for housekeeping 

and organization.

If the supplier does not have effec-

tive leadership, teamwork, and high 

morale, you should fi nd another sup-

plier. Everyone must be on-board. 

Your outsourcing system should pro-

vide an evaluation of your supplier’s 

leadership effectiveness.

Quality

Quality and lean are synonymous. 

W. Edwards Demming once said, 

“Quality is conforming to specifi ca-

tions.” Conforming to specifi cations 

is achieved through documented sys-

tems and job instructions so the pro-

cess is repeated. Employee training 

and reducing variation between shifts 

can best be addressed with docu-

mented repeatable systems and job 

instructions. To ensure system compli-

ance, process audits should be a very 

important part of your system. If your 

supplier does not have documented 

systems and process audits, it does 

not have a repeatable process, and it 

is not manufacturing to specifi cations.

Key Performance 

Metrics and Goal Setting

Suppliers should track and post 

key performance metrics, so every-

one knows how they are perform-

ing, and what their goals should be. 

Ensure that each area of your busi-

ness is driven by specifi c goals that 

drive continuous improvement, and 

that each goal ties into the compa-

ny’s long-term goals, and that your 

organization agrees with those goals. 

Ensure that your supplier focuses on 

fi rst-time quality throughput for your 

product. If you have to reprocess your 

product, it will cost both more time 

and money.

The cost of improving your sup-

plier’s process should be the sup-

plier’s responsibility, along with the 

costs associated with receiving de-

fective materials. You are expected 

to deliver quality products; your sup-

pliers should have the same expec-

tation. Remember, inspection does 

not assure quality; only a process 

that is in control will produce con-

sistent quality.

Your supplier telling its employ-

ees to work harder, or to offer more 

suggestions may create a short-term 

improvement (known as the Haw-

thorne Effect). However, identifying 

the systemic ineffi ciencies within an 

organization will provide sustainable 

improvement, and will help create the 

culture necessary to keep you com-

petitive. Developing a culture where 

all employees have the skills needed 

to identify waste, take ownership for 

quality, solve problems, and the mo-

tivation to care about the long-term 

success of the company, are essential 

in today’s global market. You need 

to be able to evaluate your suppliers’ 

culture as it relates to lean and contin-

uous improvement.

Evaluating processes for the elim-

ination of waste through continuous 

improvement in your supplier’s pro-

duction processes, material, work-

in-progress, administrative policies, 

and rules is an effective way for you 

to ensure that you are receiving val-

ue. That will reduce the pressure on 

your bottom line.

Outsourcing production can be 

very successful, but you cannot as-

sume that any supplier will perform 

to your expectations—unless you 

have controls in place to ensure ac-

countability. You will require a con-

stant fl ow of information, a frequent 

presence, frequent milestone re-

views, rewards and penalties, and a 

very clear initial document that clar-

ifi es all your requirements.

Outsourcing production can ex-

pand your production capabilities 

and help you grow. But you cannot 

outsource the responsibility for deliv-

ery and quality!

Paul M. Reece is a Certified Lean 
Executive with the Michigan Manufac-
turing Technology Center in Plymouth, 
Michigan. He has more that 40 years of 
experience in working for the Federal 
government, and as a company owner 
and executive. Mr. Reece introduced a 

“lean culture” and implemented “lean 
principles” at all of his factories. Leonard 

B. Antosiak is president of Pharmaceuti-
cal Production TechSource, Inc., in Ann 
Arbor, Michigan, and has been working 
in the pharmaceutical industry for more 
than 34 years. Direct correspondence to: 
ppt@2020comm.net
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Inter-Laboratory Variation in 
Cannabis Analysis: Pesticides 

and Potency in Distillates

Cannabis distillate samples spiked with known amounts of pesticides were submitted to fi ve cannabis 
testing laboratories. The false positive rate for pesticide detection was zero percent (%), but the 
false negative rate was 78%, indicating contaminated material may be reaching cannabis patients 
and users. Distillate samples were also analyzed for potency. The Δ9-tetrahydrocannabinol (THC) 
concentration values obtained varied from 77% to 94% with a 95% confi dence limit of 8.08%, an 
unacceptably large error given the high concentration of the target analyte. Potency measurements 
on this material using mid-infrared (IR) spectroscopy gave a THC weight percent range from 89% to 
93%, and a 95% confi dence interval of 2.3%, 3.5x more precise than the cannabis laboratories. The 
consistent mid-IR results indicate the sample was homogeneous. The scatter observed in pesticide 
and potency results from the laboratories means inter-laboratory variation is a problem in the 
cannabis industry. Potential causes and solutions to the problem are discussed.

Brian C. Smith, Paul Lessard, and Rich Pearson

T
he problem of inter-laboratory variation in the can-

nabis testing industry, that is, different laboratories 

obtaining statistically different results on the same 

samples, is ongoing (1–3). One study (1) found most of 

the cannabidiol (CBD) oil samples analyzed were la-

beled with incorrect potencies. Reports in the popular 

media (2,3) have documented similar problems. We in-

vestigated inter-laboratory variation in our area (central 

California), and chose distillates because they are rela-

tively high purity homogeneous liquids that should be 

easy to analyze.

We investigated pesticide contamination variability be-

cause one laboratory will pass and another fail the same 

sample. This confl icting data makes it diffi cult for canna-

bis businesses to ensure quality control and make deci-

sions regarding material status. We submitted a set of 

cannabis distillate samples from the same batch known 

to be pesticide free (control), and a set of samples from 

the same batch spiked with known amounts of six pesti-

cides (myclobutanil, paclobutrazol, pyrethrin, imidacloprid, 

spiromesifen, and abamectin). The samples were submit-

ted to fi ve different cannabis laboratories in the central 

California area to study the phenomenon of inter-labora-

tory variation.

We were also concerned about distillate poten-

cy inter-laboratory variation. Our experience has been 

that cannabis laboratories obtain markedly different 

Δ
9-tetrahydrocannabinol (THC) values on the same sam-

ple. Traditionally, high performance liquid chromatogra-

phy (HPLC) has been used to measure cannabinoid pro-

fi les in cannabis-containing materials (4–6). More recently, 

mid-infrared (IR) spectroscopy has been used to deter-

mine cannabinoid concentrations in cannabis oils and ex-

tracts (7,8). In this study, we extend the use of mid-IR to 

the analysis of potency in cannabis distillates. We found 

that mid-IR potency measurements gave better precision 

than HPLC. We believe this is because of the lack of sam-

ple preparation required for mid-IR. The results of all lab-

oratory tests were collated, tabulated, and are presented 

below. Further explanations and possible solutions to the 

inter-laboratory variation problem are discussed.

Experimental

Pesticide and Potency Samples

To start, 60 g of a cannabis distillate batch made by the 

Herer Group were used. This distillate was found to be 

pesticide free by two different cannabis analysis labora-

tories. Next, 30 g of the distillate were set aside as a con-

trol. The second 30 g were spiked with known amounts of 

the pesticides listed in Table I, and compared to the state 

of California pesticide action limits (9).

Spiked samples were prepared by weighing commer-

cial pesticides on an analytical balance, taking into ac-

count the concentration of pesticides in each product to 
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determine the appropriate amount to 

measure. These quantities were dis-

solved in 100  mL ethanol to make a 

concentrated pesticide stock solu-

tion. Then 1  mL of concentrated so-

lution was mixed with 1 L of ethanol 

to create a dilute pesticide solution. A 

blank sample of the ethanol was test-

ed and found to be pesticide free.

Next, 300  mL of dilute pesticide 

solution were used to dissolve 30  g 

of distillate known to be pesticide 

free. Ethanol was removed using a ro-

tovap whose water bath was heated 

to 40 °C. The solution was heated for 

30  min at 50  Torr pressure. The boil-

ing points of the spiked pesticides 

are listed in Table II.

Given the high boiling points of the 

six pesticides, and the gentle evapo-

ration conditions used, little or no pes-

ticide should have been lost. Regard-

less, the sample was small enough 

that any pesticide evaporation would 

have been uniform throughout the 

material, and all the laboratories 

should have obtained the same re-

sults. All samples were prepared at 

the same time by the same person, 

were always in his custody, and were 

hand delivered to the laboratories by 

him the day after preparation. This 

means there was no chance for the 

samples to change composition be-

cause of aging or tampering.

Two samples of spiked distillate 

and two samples of pesticide-free 

distillate were submitted to each lab-

oratory. Five labs were used, each re-

ceived four samples, so a total of 20 

pesticide panels and cannabinoid 

profi les were measured. There were 

10 pesticide free and 10 pesticide-

spiked samples, the latter of which 

contained six different pesticides. A 

total of 60 potential pesticide detec-

tion events or hits were possible.

Our samples were analyzed for the 

presence of the 66 pesticides cur-

rently regulated by the state of Cali-

fornia (9). The experimental methods 

for pesticide and potency measure-

ments were laboratory dependent 

and their details were not made avail-

able to us. Typically, gas chromatog-

raphy–tandem mass spectrometry 

(GC–MS/MS) or liquid chromatog-

raphy–tandem mass spectrometry 

(LC–MS/MS) techniques are used 

to measure pesticides in cannabis-

containing materials (10–13). HPLC is 

typically used for cannabis potency 

measurements (4–6).

Mid-IR Potency Method 

Calibration and Validation

The BSS 2000 Cannabis Analyzer 

from Big Sur Scientifi c was used to 

measure distillate potency. It con-

tains a mid-IR spectrometer that 

was scanned from 1250 to 952  cm-1 

at 12 cm-1 spectral resolution. A zinc 

selenide (ZnSe) attenuated total 

refl ectance (ATR) crystal was used. 

The ATR sampling technique was cho-

sen since it requires minimal sam-

ple preparation and cleanup. Distil-

late samples were placed onto the 

ZnSe window, scanned, and the win-

dow was cleaned afterwards with eth-

anol and a paper towel. Mid-IR meth-

ods to quantitate Δ9-THC, Δ8-THC, 

tetrahydrocannabinolic acid (THCA), 

cannabidiol (CBD), cannabidiolic acid 

(CBDA), cannabigerol (CBG), cannab-

inol (CBN), cannabichromene (CBC), 

and tetrahydrocannabivarin (THCV) in 

cannabis distillates were developed. 

Details on this work will be published 

elsewhere (14). This paper focuses on 

using mid-IR to specifi cally measure 

Δ
9-THC in cannabis distillates.

Mid-IR calibration models were 

constructed by measuring IR spectra 

of 11 distillate batches in triplicate 

Table I: Quantity of pesticide spiked into cannabis distillate samples and California state 
action limits

Pesticide Quantity Spiked (ppm) California Action 

Limit (ppm)

Myclobutanil 0.18 0.1

Paclobutrazol 0.04 0

Pyrethrins 0.75 0.5

Imidacloprid 0.04 5.0

Spiromesifen 0.54 0.1

Abamectin 0.02 0.1

Table II: Boiling points of pesticides used in study

Pesticide Boiling Point, °C Comments

Myclobutanil 208 @1 Torr

Paclobutrazol 461 @760 Torr

Pyrethrins 200
Pyrethrin II

@4x10-7 Torr

Imidacloprid 144 Melting Point

Spiromesifen 350 @760 Torr

Abamectin 717 @760 Torr

Table III: Mid-IR THC in distillate calibration metrics

Cannabinoid Range Wt. % R2 Standard Error of 

Prediction, Wt. %

THC 3–94% 0.998 1.26

http://www.CannabisScienceTech.com


50 Peer-Reviewwed Article

CANNABIS SCIENCE AND TECHNOLOGY | www.CannabisScienceTech.com VOL 2 • NO 1 • JANUARY/FEBRUARY 2019

for a total of 33 spectra. The same 

samples were analyzed for poten-

cy via HPLC by CW Analytical. The 

measured spectra and the canna-

bis laboratory reference values were 

input to a partial least squares re-

gression (PLS1) algorithm, and mod-

els were constructed using Big Sur 

Scientifi c’s Model Builder software. 

Calibration metrics for the mid-

IR THC in distillates calibration are 

shown in Table III.

To determine the quality of the 

mid-IR calibration, a plot of THC con-

centration measured on a calibration 

sample set by mid-IR and HPLC was 

constructed (Figure 1).

The correlation of any two data 

sets can be determined by calculat-

ing the correlation coeffi cient (R2) 

for plots like that in Figure 1. Perfect 

agreement yields a straight line pass-

ing through the center of each data 

point and an R2 value of 1.0. Exper-

imental error prevents this. Corre-

lation coeffi cients of 0.99 or better 

are possible for spectroscopic cali-

brations and are considered excel-

lent (15). Figure 1 shows an R2 value 

of 0.998, indicating the mid-IR THC 

in distillate measurements agree well 

with HPLC. Table III shows that the 

range of the THC calibration is 3 to 

94  wt.%, a factor of 30 between the 

lowest and highest values. A spec-

troscopic calibration performing well 

over such a broad range is unusual 

(15) and indicates that mid-IR gives 

good results over a broad THC range.

The mid-IR THC calibration was 

validated using a set of six distillate 

samples whose cannabinoid weight 

percents were measured by HPLC, 

but whose data were not included in 

the calibration. The PLS1 model was 

applied to the validation set spectra, 

weight percents THC were predicted, 

and compared to those determined 

by HPLC. The standard error of pre-

diction (SEP) is the standard deviation 

of the known and predicted weight 

percents for a validation sample set 

(15). SEP measures how well a calibra-

tion performs on unknown samples. 

The SEP for THC listed in Table III is 

1.26  wt.%, indicating that mid-IR can 

accurately determine THC levels in 

cannabis distillates.

Results and Discussion

Cannabis Laboratories 

Round-Robin Pesticide Results

The fi ve laboratories were randomly 

designated as V, W, X, Y, and Z. The 

two spiked pesticide samples re-

ceived by each laboratory were desig-

nated V1, V2, W1, W2, and so forth. For 

the pesticide free samples, all labora-

tories successfully reported no pes-

ticides detected for a false positive 

rate of 0%. The results for the samples 

spiked with pesticides were quite dif-

ferent and are seen in Table IV.

Myclobutanil was present above 

the California action limit, but was 

only detected in fi ve of the 10 sam-

ples analyzed. Two of the labora-

tories missed it completely. When 

detected, the myclobutanil concen-

trations agree reasonably well with 

Table IV: Results of round-robin study of pesticide spiked cannabis distillate*

Pesticide

CA 

Action 

Limit

Amt. 

Spiked

V1 V2 W1 W2 X1 X2 Y1 Y2 Z1 Z2

Myclobutanil 0.1 0.18 0 0 0 0.18 0.24 0.25 0.2 0.2 0 0

Paclobutrazol 0 0.04 0 0 0 0 0 0 0 0 0 0

Pyrethrin 0.5 0.75 0 0 0 0 0.21 0.13 0 0 0 0

Imidacloprid 5 0.04 0 0 0 0 0.08 0.08 0 0 0 0

Spiromesifen 0.1 0.54 0 0 0 0 0.4 0.36 0.3 0.3 0 0

Abamectin 0.1 0.02 0 0 0 0 0 0 0 0 0 0

*All numbers are in parts per million (ppm)

Figure 1: A plot of THC concentration (wt.%) in cannabis distillates as determined by 
HPLC versus as measured by mid-IR.
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the spiked value of 0.18  ppm. Pa-

clobutrazol is not allowed in any de-

tectable amount by the state of Cali-

fornia (9). All the laboratories missed 

the presence of this pesticide, even 

though it was above the limit of de-

tection (LOD) claimed by the labo-

ratories. Pyrethrin was spiked in an 

amount well above the state limit. 

Only one of the labs detected it, and 

the values obtained are 4x less than 

the actual amount present. 

Imidacloprid was present below 

the action limit, but above the LODs 

stated by the laboratories. Four of 

the labs completely missed it, with 

Lab X being the only one to detect 

its presence, albeit at twice the ac-

tual value. Spiromesifen was present 

in greater than fi ve times the action 

limit, but three of the laboratories 

missed it. The laboratories that de-

tected it agreed reasonably well with 

the amount present. Abamectin was 

present below the action limit, but 

near the LODs listed by the laborato-

ries. None of the laboratories detect-

ed its presence.

The results in Table IV are disturb-

ing. Laboratories V and Z found no 

pesticides in the spiked samples 

even though some of them were well 

above their action limits. Laboratory 

W found pesticides in one out of 12 

possible hits, while laboratory Y only 

found two out of the six pesticides 

present. Lab X did the best, detect-

ing four pesticides in each of the sam-

ples they received, but still complete-

ly missing two of them. There were 10 

spiked samples for a total of 60 pos-

sible pesticide hits. Only 13 were re-

corded, giving a false negative rate 

of 47/60 or 78%. Even when the pres-

ence of a pesticide was correctly de-

tected, the measured concentrations 

agreement with the actual num-

bers varied by pesticide. These re-

sults mean laboratories are missing 

contaminated material, which may 

be entering the marketplace and 

potentially threatening the health of 

cannabis patients and users.

Cannabis Laboratories 

Round-Robin Distillate 

Potency Results

Each of the fi ve labs received four 

samples of the same distillate batch 

and were asked to measure cannab-

inoid profi les. A total of 20 THC val-

ues on the same distillate batch were 

measured. The results are shown in 

Table V.

The statistics for these 20 readings 

are shown in Table VI.

The range of measured THC con-

centrations varied from 77.83% to 

94.46%, a range of over 16  wt.%. 

The standard deviation of the HPLC 

measurements is 4.04  wt.% THC. A 

measure of dataset accuracy is the 

95% confi dence interval, which is ap-

proximately twice the standard de-

viation (15). The 95% confi dence in-

terval for the HPLC THC data is 

8.08  wt.%. This level of imprecision 

is unacceptable and makes it diffi cult 

for cannabis businesses to make de-

cisions and meet label claims. A re-

cent article (16) showed that many 

cannabis compliance samples are 

failing in California because of false 

label claims. Given the inter-labora-

tory variation seen in our data, the 

problem may not be with the sam-

ples but with the testing results.

The average and standard devi-

ation of the four THC readings ob-

tained by each laboratory are shown 

in Table VII.

The standard deviation in each lab-

oratory’s set of potency values is on 

the order of 2  wt.%. This indicates 

each laboratory’s method is precise, 

but not necessarily accurate (for a dis-

cussion of the difference between 

these two metrics see reference 17). 

However, the laboratories quote a 

precision of better than 1  wt.%, so 

these results are still disturbing.

Figure 2 shows a histogram of the 

20 potency values obtained by the 

cannabis laboratories via HPLC. If ran-

dom error were the true cause of in-

ter-laboratory variation, this would be 

a Gaussian distribution (15). Instead, 

each laboratory’s values form clus-

ters, and the clusters are separated 

from each other. This indicates that 

systematic error may be the cause of 

the inter-laboratory variation seen in 

potency values.

Table V: Results of round-robin study of THC in same distillate batch

Lab V Lab W Lab X Lab Y Lab Z

77.83 81.17 88.53 82.57 83.77

79 84.99 94.46 82.65 82.46

78.66 83.1 90.46 85.58 85.36

82.96 83.33 88.6 85.89 85.67

Table VI: Statistics for 20 HPLC THC 
readings

Parameter Value, Wt.% THC

Max 94.46

Min 77.83

Range 16.63

Mean 84.35

Standard deviation 4.04

95% confi dence 
interval

8.08

Table VII: Average THC content and 
standard deviations for the same batch 
analyzed by fi ve laboratories

Lab Average 

THC, wt.%

Standard 

Deviation

V 79.61 2.29

W 83.15 1.56

X 90.51 2.78

Y 84.17 1.81

Z 84.32 1.49
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A possible cause of inter-laborato-

ry variation for pesticide and potency 

measurements is differences in sam-

ple preparation. It has been our ob-

servation that cannabis laboratories 

use different solvents, solvent quanti-

ties, dissolution, agitation, and disso-

lution schemes when preparing can-

nabis samples. This is because there 

is no standardized test or protocol 

required by the California Bureau of 

Cannabis Control.

It is possible differences in sam-

ple preparation and cleanup meth-

ods result in analyte extraction from 

cannabis samples with varying de-

grees of effi ciency. If each labora-

tory has a different extraction effi -

ciency, a histogram of the measured 

values would show each laboratory’s 

readings clumped together and sep-

arated from each other. This is seen 

in Figure 2, indicating that extraction 

effi ciency plays a part in inter-labora-

tory variation.

A laboratory may have a linear cali-

bration for their chromatograph from 

the use of pure standards of known 

concentration for calibration. This in-

dicates the instrument works well on 

purifi ed samples, but says little about 

sample extraction effi ciency. Until 

cannabis standard reference materi-

als are available, obtaining a repro-

ducible sample extraction method 

may remain elusive.

Comparison to 

Mid-IR Potency Results

The potency of the same distillate 

batch measured by HPLC was also 

measured 20 times by mid-IR. The val-

ues obtained are shown in Table VIII.

The statistics for this dataset are 

shown in Table IX.

The mid-IR results in Table IX 

should be compared to the HPLC re-

sults in Table VI. Note that the mid-

IR range is 4.52  wt.% THC, which is 

much less than the 16  wt.% range 

obtained by HPLC. The 95% con-

fi dence interval obtained by mid-

IR is 2.3  wt.% THC, 3.5 times lower 

than what was obtained with HPLC. 

This indicates mid-IR is more pre-

cise than HPLC at measuring canna-

bis distillate potencies. Additionally, 

the precision of the mid-IR potency 

Figure 2: Histogram of cannabis laboratory THC values as measured by HPLC.

Figure 3: Histogram of mid-IR THC predicted values.
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Table VIII: THC concentrations (Wt.%) of distillate batch measured by mid-IR: raw values

90.35 89.76 92.25 90.83 92.78

92.82 91 88.84 91.26 92.61

92.85 91.5 91.33 91.21 90.77

91.17 91.56 93.36 92.69 91.01

Table IX: Summary statistics for 20 mid-
IR THC readings

Parameter Value, Wt.% THC

Max 93.36

Min 88.84

Range 4.52

Mean 91.5

Standard deviation 1.15

95% confi dence 
interval

2.30
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readings indicates the distillate sam-

ple was homogeneous.

Figure 3 shows a histogram of the 

20 cannabis distillate THC values 

measured by mid-IR. These data fol-

low an approximately Gaussian dis-

tribution, indicating the main er-

ror source in these measurements is 

random rather than systematic (15). 

These results also indicate that mid-

IR has less systematic error than HPLC.

In this study, HPLC is the prima-

ry method and mid-IR is a second-

ary method for measuring potencies. 

In general, the accuracy of second-

ary IR spectroscopic methods is 1.5x 

to 2x larger than the primary method 

(15). However, in the context of canna-

bis distillate potency measurements 

there is no “true value” as a basis of 

comparison for accuracy calculations 

because cannabis distillate standard 

reference materials do not exist. Thus, 

we cannot determine the accuracy of 

either the mid-IR or HPLC methods. 

What we can compare is precision 

by seeing how reproducible HPLC 

and mid-IR potency readings are on 

the same sample. As seen above, the 

precision of the mid-IR method is 3.5x 

greater than the HPLC method. Since 

precise readings are needed by can-

nabis businesses to make decisions, 

this indicates that mid-IR may be a 

better choice than HPLC for research 

and development (R&D), in-house 

process monitoring, and process 

control measurements for the canna-

bis industry. Additionally, given the 

variation in potency readings across 

the fi ve laboratories, an orthogonal 

potency method might be useful as 

a check on each laboratory’s results. 

Mid-IR is a candidate for this method.

Conclusions

Samples were submitted to fi ve can-

nabis laboratories for pesticide pan-

els and cannabinoid profi les. The 

false positive rate for pesticides was 

0% and the false negative rate was 

78%, indicating that these laborato-

ries are falsely passing pesticide-lad-

en material.

The THC values returned by these 

laboratories measured by HPLC 

for the same sample batch gave a 

range of greater than 16 wt.% and a 

95% confi dence interval of 8.08 wt.%. 

Mid-IR potency measurements on 

the same batch produced a range of 

4.52 wt.% THC and a 95% confi dence 

interval of 2.15  wt.%, 3.5 times low-

er than observed by HPLC. This indi-

cates that the mid-IR method is more 

precise at measuring cannabis distil-

late potency than HPLC.

Histograms of the HPLC and mid-

IR potency measurements showed 

signifi cant systematic error in the 

HPLC measurements, and little sys-

tematic error in the mid-IR meas-

urements. This may be explained 

by observed differences in sample 

preparation methods across labora-

tories, which may result in varying ex-

traction effi ciencies, giving the inter-

laboratory variation observed. This 

problem will probably persist until 

standard cannabis reference materi-

als become available, and the appro-

priate authorities promulgate stand-

ard analysis methods. The variation 

in potency values indicates canna-

bis analysis laboratories should con-

sider an orthogonal method to HPLC 

such as mid-IR to monitor the quality 

of their results.
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Extraction Considerations and 
Advice from a Leading Researcher 

We recently spoke to leading extraction researcher Dr. Markus Roggen, Founder of Complex Biotech 
Discovery Ventures, about his experiences in the industry and what extraction methods he has used. 

T
here are many factors to consider when starting an 

extraction method in cannabis—from flower sup-

ply and which method to use to particle size and 

flower to solvent ratios, among others. With all of these 

factors to consider, it might be hard to find a start-

ing point. We recently spoke to leading extraction re-

searcher Dr. Markus Roggen, founder of Complex Bio-

tech Discovery Ventures, about his experiences in the 

industry and what extraction methods he has used. Dr. 

Roggen also offers his insight into what to consider first 

in an extraction as well as his next research projects 

and plans for the future.  

How did you get involved with cannabis extraction?

Dr. Markus Roggen: Pure serendipity! In 2014, I fi nished 

up my postdoc in physical organic chemistry at The Scripps 

Research Institute in San Diego and was looking for what 

to do next when my triathlon coach introduced me to a 

group that needed a chemist to run their analytical labo-

ratory for cannabis. Initially, I was hesitant to leave a clas-

sical chemical career for the still young cannabis industry. 

Although, I was intrigued by the research and discovery 

potential in the fi eld, so I did move into a totally unknown 

industry and culture (for me). While I worked as a laborato-

ry director, on the side, I was mentoring young startups at 

Canopy Boulder and San Diego. At one of their network-

ing events, I was explaining the scientifi c fundamentals of 

CO2 extraction (you know as you do over a good drink). 

The CEO of OutCo, a fully vertically integrated medical 

marijuana producer in San Diego, happened to be listen-

ing. He offered me the chance to join his team to put the-

ory into practice. So, I did. I started leading the extraction 

and production processes in late 2016.  

Do you prefer one method of extraction over another?

Roggen: No, my focus is on the required output! If the lo-

cal regulations only allow ethanol extraction, then this is 

the best solvent to use. If the concentrate product is fo-

cused on solventless connoisseurs, rosin press or ice water 

hash might be best. But if I consider control over the extract 

composition paramount, then I highly recommend super-

critical CO2 extraction (supercritical fl uid extraction [SFE]) 

equipment. Due to the solvent properties of CO2, one can 

modulate which compounds are selectively enriched and 

how the extract properties are set. That allows one to, for 

example, separate terpene fractions from cannabinoid oils, 

or even enrich one cannabinoid over the other.

What are the major things to consider before starting 

an extraction? 

Roggen: How much time do you have? The most obvious 

things to consider are fl ower supply and extraction meth-

od, but there are many, many other factors that infl uence 

the extraction outcome. For example, my research has 

shown that the particle size distribution impacts extrac-

tion precision and effi ciency in SFE. For ethanol extraction, 

it’s the ratio of fl ower to solvent that has an effect on effi -

ciency—and it’s opposite what one might think: More sol-

vent extracts less THC! I could go on and on, so I will just 

name a few others: cannabinoid concentration, terpene 

concentration, water content, particle size, temperature, 

pressure, time, production costs, production volume, and, 

most important, product needs.

What is the biggest obstacle to overcome in cannabis 

extraction?

Roggen: Overcoming fi xed mind-sets. The debate over 

which solvent is best feels like a religious war. Although, 

there are enough deities for everyone, and those repre-

sent the regulatory, economical, and customer powers of 

the market. There likely is space for every technology, but 

there is no space for stubborn dogmatists. 

Is there a common extraction problem that all users 

face? If so, how do you overcome it?

Roggen: Effi ciency (or lack thereof). This simply is yield 

over costs. Costs include everything from plants to fa-

cility or instrumentation and operation. The best way to 
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make your extraction process more 

effi cient is through research, devel-

opment, and calculations. 

For example, I may know from con-

trolled experiments that there are 

certain extraction rate curves on my 

particular SFE instrument. Based on 

these, I can develop a unique prod-

uct line and optimize extraction for 

its specifi cations.  But, if I now want 

to change the starting material, the 

instrument, or the outcome, I need 

to start anew with different experi-

mentation. This is because, right now, 

there are not enough fundamentals 

known in the cannabis industry.

In a recent article (1), you discussed 

how fallacies and ignorance of 

extraction misrepresent the 

cannabis fl ower. Can you tell us 

more about that viewpoint? Are 

there are any other trends in 

extraction that you think are doing 

a disservice to the plant?

Roggen: The point I wanted to make 

was that the molecular makeup of 

cannabis fl ower and extract oils are 

very different. A cannabis fl ower has 

a plethora of cannabinoids, terpenes, 

fl avonoids, carotenes, and others to 

offer the consumer, while cannabis 

oils are often refi ned to a purifi ed sin-

gle cannabinoid.

For example, vape carts most-

ly contain clear, off-yellow oil that 

has THC concentrations of around 

90 wt.%. To add fl avor, the producers 

introduce terpene mixtures that were 

blended to imitate terpene profi les of 

the cannabis fl ower. I am not saying 

that those highly refi ned products are 

bad in general, but I refuse to accept 

that both fl ower and “clear” oils are 

interchangeable.

There is an analogy that fi ts quite 

well, actually, I see cannabis fl ower like 

a red wine and “clear” oils more like 

a fl avored vodka. Each product has its 

place and validity, but they do not sub-

stitute for one another across settings.

In another article (2), you 

addressed the issues surrounding 

“winterization” and a call to action 

for people to think about the reasons 

behind the extraction steps they are 

using. Do you think there is a need 

for more science-based education for 

newcomers to extraction? Are there 

better methods than winterization 

or precipitation to achieve a similar 

extract? 

Roggen: Yes, I am convinced that 

more scientifi c education is needed in 

the industry. For that reason, I will be 

teaching a course about process op-

timization at Loyalist College in Can-

ada this spring. This Ontario college 

has launched an eight-month post-

graduate certifi cate program to of-

fer students in-depth skills to support 

the burgeoning cannabis industry.

Although, not only do we need to 

change the mind-set of cannabis pro-

fessionals through education, we also 

need to overhaul production meth-

ods from the ground up. I studied 

chemistry at universities for over a 

decade, culminating in a PhD in chem-

istry. And still, I don’t know what the 

“best” method is to extract fl avonoids 

from cannabis. The main reason for 

that is that right now there is basical-

ly no data on fl avonoids in open-mar-

ket fl ower or extracts. And if I cannot 

“see” them, I cannot optimize for them. 

I picked winterization as an easy 

target in the article you mention. For 

one, winterization is the wrong term 

to describe the process—it’s a pre-

cipitation. Secondly, it is a bottle neck 

in production. The step is either un-

necessary or can be done more effi -

ciently with other instruments. It just 

takes knowing about them and how 

to use them. The point I wanted to 

make was not about winterization in 

particular, but about how cannabis 

production steps are often habitual-

ly tackled. Methods that were done 

in a basement have now been scaled-

up and brought into a commercial 

building. However, this doesn’t mean 

they are the “best.” Production meth-

ods should not evolve into larger 

scale, but they need to be revolution-

ized into new practices, if we want the 

industry to further develop. 

What are the next steps your 

research?

Roggen: I just moved to Vancouver 

to pursue more fundamental can-

nabis research. Before my research 

was within the constrains and goals 

of commercial production. Now, I am 

partnering with researchers at the 

University of British Columbia to work 

on questions that might not have an 

instantaneous commercial value, but 

which push the industry forward in 

the long run.

We are currently working on a pa-

per about computational studies of 

the decarboxylation pathway. One 

might wonder about the value of such 

research, especially since decarboxy-

lation reactions are already a routine 

step for extract producers. But I pre-

dict that what we discover will facili-

tate an improvement to the current 

process that leads to reductions in 

cost and THC degradation. 

Actually, the question of THC deg-

radation is another project that I am 

pursuing right now.

To sum up, I am quite excited about 

the work ahead. I’m a big advocate 

of making my results public through 

publications and conference lectures, 

so please be sure to watch this space. 
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Five CBD Regulatory Myths

Where does cannabidiol’s (CBD) legal status stand following the 2018 Farm Bill? One attorney looks 
at common misperceptions. 

Kristi Wolff

T
he passage of the 2018 Farm Bill capped off a mo-

mentous year for cannabidiol, or CBD, a nonpsy-

choactive derivative of cannabis. The year kicked 

off with the January 2018 rescission of the Cole Memo, 

the U.S. Department of Justice’s policy statement re-

garding cannabis enforcement in states where canna-

bis is legal, which essentially stated that, given limited 

resources, the federal government would not enforce 

the federal marijuana prohibition in states that had le-

galized marijuana in some form. Following this move, 

many expected an increase in federal marijuana en-

forcement. The feared enforcement uptick never mate-

rialized, though. By mid-year, the U.S. Food and Drug 

Administration (FDA) approved Epidiolex, a prescrip-

tion drug made from a CBD isolate for treatment of 

rare forms of epilepsy. Later in the year, Senate Ma-

jority Leader Mitch McConnell (R-KY) saw opportunity 

with the Farm Bill update to expand industrial hemp le-

galization at the federal level and introduced new leg-

islation within the Farm Bill to legalize U.S. industrial 

hemp as an agricultural commodity. Following con-

ference committee work to iron out differences, the 

House and Senate passed the final version of the Farm 

Bill in mid-December, and the President signed it on 

December 20, 2018.

Companies are now considering which new business 

opportunities will result following the Farm Bill’s pas-

sage. It’s important to separate the myths regarding 

what the Farm Bill did from the realities of where CBD’s 

legal status stands.

Myth #1: CBD Is Fully Legal Since 

It’s Not a Controlled Substance Anymore

It’s more complicated than that. Regulation exists at 

the federal and state levels. At the federal level, the 

2018 Farm Bill deschedules industrial hemp and vari-

ous derivatives thereof, including CBD, from the Con-

trolled Substances Act when produced in compliance 

with a state hemp program. Industrial hemp is de-

fined as cannabis (Cannabis sativa L.) and derivatives 
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of cannabis with extremely low 

(less than 0.3% on a dry weight ba-

sis) concentrations of the psycho-

active compound delta-9-tetrahy-

drocannabinol (THC). The U.S. Drug 

Enforcement Administration (DEA) 

retains jurisdiction over CBD from 

marijuana because marijuana re-

mains a Schedule I substance. The 

DEA isn’t the only relevant regula-

tor, though. The FDA and the states 

also have jurisdiction.

State laws currently are a patch-

work. Approximately one-third of 

states have hemp programs set 

up pursuant to the 2014 Farm Bill. 

One-third of states do not have 

hemp programs and therefore do 

not have legal mechanisms for sale. 

Finally, approximately one-third of 

states have programs in some de-

velopmental stage, but regulations 

are not final. 

Myth #2: The FDA Has 

Approved CBD, So the 

Claims I’m Seeing Online 

Must Be Substantiated

The FDA has only approved Epidi-

olex for treatment of rare forms of 

epilepsy. This approval does not 

mean that other CBD claims are ap-

proved or that the FDA agrees that 

CBD can be lawfully used in oth-

er products. The FDA’s position is 

that CBD from any source is an ac-

tive drug ingredient. The FDA has 

voiced this position in warning let-

ters and reiterated it in late Decem-

ber. The agency also highlighted 

its continuing concern about con-

sumer safety and disease treatment 

claims featured on unapproved 

CBD products.

Further, the FDA acknowledged 

the public’s growing interest in 

CBD’s potential therapeutic capa-

bilities and expressed a commit-

ment to consider whether there are 

circumstances in which certain can-

nabis-derived compounds might be 

permitted in a food or dietary sup-

plement. The FDA stated that it in-

tends to hold a public meeting to 

solicit input relevant to a CBD reg-

ulatory strategy and to allow stake-

holders to express their views on 

topics, including safety. The agen-

cy also expressed a “commitment 

to pursuing an efficient regulato-

ry framework for allowing product 

developers that meet the require-

ments under our authorities to law-

fully market these types of prod-

ucts.” Although not specific to CBD, 

in that same press release, the FDA 

announced that three hemp ingre-

dients—hulled hemp seeds, hemp 

seed protein, and hemp seed oil—

may be legally marketed in foods 

under the conditions set forth in 

their respective Generally Recog-

nized as Safe (GRAS) notices. In 

short, there’s reason to be hopeful 

that industry and the regulators can 

chart a pathway to legal use of CBD 

in products beyond Epidiolex, but 

this will take time.

Regarding claim substantiation, 

companies should also be mindful 

that the Federal Trade Commission 

and state consumer protection au-

thorities have jurisdiction to pur-

sue unfair and deceptive advertis-

ing. Product health claims must be 

substantiated by “competent and 

reliable scientific evidence.” Cur-

rently, while there is a lot of an-

ecdotal evidence regarding the 

benefits of CBD, the scientific evi-

dence is just emerging. When forg-

ing ahead in this new frontier, com-

panies will want to remain mindful 

of the legal standards regarding 

claim substantiation and testimo-

nials in particular.

Myth #3: The 2018 Farm Bill 

Preempts All State Laws

On the issue of preemption, Sec-

tion 10113 of the 2018 Farm Bill ex-

pressly does not preempt laws 

that are more stringent than those 

found in the bill regarding the pro-

duction of hemp. See Sec. 297B(a)

(3)(A) (“No Preemption. – Nothing 

in this subsection preempts or lim-

its any law of a State or Indian tribe 

that (i) regulates the production of 

hemp; and (ii) is more stringent than 

this subtitle.”).

However, Section 10114(b) of the 

2018 Farm Bill does provide: “No 

State or Indian Tribe shall prohib-

it the transportation or shipment 

of hemp or hemp products pro-

duced in accordance with . . . Sec-

tion 10113[] through the State or the 

territory of the Indian Tribe, as ap-

plicable.” Section 10114(b) there-

by clearly preempts any state law 

prohibiting shipment of industrial 

hemp through a state or territory of 

an Indian tribe.

It also arguably preempts any 

state law prohibiting the sale of in-

dustrial hemp in a state or territo-

ry of an Indian tribe, so long as the 

hemp was produced (in another 

state) pursuant to the requirements 

of Section 10113. Unfortunately, it is 

not clear whether Section 10114(b) 

of the Farm Bill preempts state laws 

disallowing sales of industrial hemp. 

It will likely take litigation to decide 

the extent of the preemption, if any, 

regarding sale of industrial hemp in 

states which have laws disallowing 

such sales.

In addition, there is a patchwork 

of state-level product considera-

tions. For example, California ex-

pressly follows the FDA’s position 

that CBD cannot lawfully be used 

in foods or dietary supplements. 

By contrast, New York expressly al-

lows CBD in dietary supplements 

(although the FDA does not) when 

the products meet other program 

requirements. Companies should 

consider these types of regula-

tions on a state-by-state and prod-

uct-by-product basis, particularly 
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in the context of the state enforce-

ment environment when consid-

ering whether to enter a particular 

market.

Myth #4: Now That CBD Is Legal, 

We Can Advertise Everywhere

Not quite. Even setting aside the 

claim substantiation issue flagged 

above, certain platforms such as 

Google, Facebook, and Instagram 

prohibit CBD advertising. Likewise, 

although CBD is not psychoactive, 

there may be product confusion 

particularly among a younger audi-

ence. Companies creating and dis-

tributing CBD advertising can help 

protect brand value by being sensi-

tive to these considerations.

Myth #5: Since CBD Is Legal, 

There Is No Risk in Selling It

While the 2018 Farm Bill provided 

needed clarity as to the status of in-

dustrial hemp at the federal level, 

this remains murky territory, with lo-

calized enforcement in many states 

adding to the confusion about the 

product. Companies seeking to sell 

CBD should consider their specif-

ic products in conjunction with the 

other federal and state considera-

tions discussed above.

It’s 2019, and we’re all entering 

a new frontier. As companies race 

to take advantage of this emerging 

market, thoughtfulness and atten-

tion to the patchwork of legal obli-

gations and uncertainties are likely 

to pay off in the long term.

Disclaimer

This article was originally published in 

the January/February 2019 issue of our 

sister publication, Nutritional Outlook 

(http://www.nutritionaloutlook.com/

regulatory/5-cbd-regulatory-myths). 

Kristi Wolff

is a partner in the Advertising and 
Food and Drug Law practice of Kelley 
Drye & Warren LLP. 
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Cannabis Education: Building the 
Foundation for a Cannabis Career

Jeff Zorn, the CEO and Owner of Cannabis Training University, discusses the different courses they 
offer, what sets them apart from other cannabis training facilities, and more.

A 
career in cannabis can range from cultivation, ex-

traction, or processing to manufacturing, test-

ing, or budtending. As the laws in each state and 

country rapidly change, more people are turning to can-

nabis as a career path and, in turn, are looking for places 

to get a proper education and a foot in the door. Canna-

bis Training University has been helping students learn 

about the different aspects of cannabis and fi nd jobs 

since 2009. We recently spoke with Jeff Zorn, the CEO 

and Owner of Cannabis Training University about the dif-

ferent courses they offer, what sets them apart from oth-

er cannabis training facilities, and more.

How has Cannabis Training University (CTU) 

transformed since its launch in 2009?

Jeff Zorn: We are all about content. We are bigger, better, 

and provide more content now than ever before. We saw 

a need in the industry for complete, comprehensive, and 

up-to-date cannabis training and took steps to fi ll that gap 

in the most inviting way possible, especially as the laws 

around cannabis business have changed since 2009 and 

are changing again now under the new administration and 

in many other countries around the globe.

What kind of information does your program offer to 

students?

Zorn: We offer a range of options for students to choose 

from to make sure they get the best start possible, 

including:

• Beginner and Advanced content—our course 
catalog is designed to fi t all experience levels.

• A full, comprehensive course curriculum—covering 
everything from growing to starting a business, 
to up-to-date medical and legal information.

• Video—We provide the largest collection of 
video content in the industry, which was a 
response to what we saw as changing learning 
and viewing habits among today’s users.

• E-books—A surprisingly popular and effective 

way at communicating critical cannabis 
information. Plus, users can download them.

What is the most popular course or track that students 

follow or request more information about?

Zorn: Our three most popular courses cover some of the 

most important information in the industry:

• Growing—This is the most popular course, 
and many students who enroll are looking to 
simply improve their own home grows or get 
better at growing for personal reasons.

• Laws—The laws around cannabis are always 
changing, and career-focused students need 
to know what’s going on in real-time.

• Budtending—This is a classic entry level position, and 
great training for students to get their foot in the door.

As more states legalize for recreational use, do you 

plan to expand your curriculum to cover areas that are 

geared more towards that market instead of medical?

Zorn: Actually, we have already begun to do this with 

our new curriculum. Our Cannabis Laws and Regula-

tions class now includes new information about recre-

ational as well as medical regulations. All of our other 

classes have been revised to be inclusive of recreation-

al users as well. This is obviously a huge time of change 

and we’re working our hardest to respond and stay up 

to date so our students can have the most accurate and 

recent information.

Do you offer any courses on testing or quality control 

for cannabis laboratories? Or is that an area you might 

go into in the future?

Zorn: Currently, we do not include specifi c coursework on 

testing and quality control for cannabis laboratories. How-

ever, our new Cannabis Business class will address the 

need for testing and quality control in canna-businesses, 

and our new Cannabis Careers class will cover cannabis 

laboratory jobs. As we continuously improve our offerings 

every year, it is very possible that we might include this 

type of course in the future.

http://www.CannabisScienceTech.com
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What sets CTU apart from other 

cannabis training groups or 

initiatives?

Zorn: It’s our curriculum: we offer 

200+ videos, tons of e-books, a huge 

blog, and alumni resources to help 

graduates fi nd jobs and get landed. 

We are also known in the industry be-

cause we have partnered with a staff 

of recognized industry experts, who 

bring plenty of experience and con-

nections to provide the best informa-

tion out there.

We also have connections to the 

job market—our Job Board lists doz-

ens of open positions around the in-

dustry, coupled with our wide alum-

ni network.

Our price also sets us apart—all 

courses and Master Certifi cation for 

just $249, not thousands.

What are your future plans for CTU?

Zorn: This is such an exciting time for 

the cannabis industry, and we have 

big, big plans ahead. These include:

• Expanding our curriculum to 
continue to be the leading 
educator in the industry.

• Constantly updating and 
improving content in the face of 
the changing legal landscape.

• Stay a step ahead of industry 
advances to ensure our 
students are leading the job 
market, not chasing it.

• Continued expansion around 
the world to remain the world 
leading cannabis college.

More Interviews

For the latest Cannabis Science and 

Technology interviews, please vis-

it: www.cannabissciencetech.com/

topic/cannabis-voices. Recent topics 

include:

• The Latest Medical Cannabis 
Research: Dr. Ethan Russo 
Discusses Neurological 
Research, Dosing, and More

• Australia’s Cannabis Market: 
An Insider’s View

• Breaking New Ground 
in Cannabis-Related 
Biopharmaceutical Research

• A Closer Look at the Legal Aspects 
of Patents in the Cannabis Industry

• Countercurrent Chromatography 
Developments for the 
Cannabis Industry ◾

CANNABIS
science and technology

Connect with us on Social Media 

Join your colleagues in conversation and stay up-to-date 
on breaking news, research, and trends associated with the 
legal cannabis industry. “Like” and follow us on Facebook, 
LinkedIn, Twitter, and Instagram today! 

facebook.com/CannSciTech

twitter.com/CannabisSciTech

linkedin.com/groups/12090641

instagram.com/CannabisScienceTechnology

http://www.cannabissciencetech.com/topic/cannabis-voices
http://www.CannabisScienceTech.com
http://facebook.com/CannSciTech
http://twitter.com/CannSciTech
http://linkedin.com/groups/12090641
http://instagram.com/cannabissciencetechnology
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February 7–8 2019

The 5th Annual International 

Cannabis Business 

Conference (ICBC)

San Francisco, CA

https://internationalcbc.com/

icbc-san-francisco-home/

February 7–8 2019

Cannabis Europa

Paris, France

https://www.cannabis-europa.

com/en/programme-2019/ 

February 12–13, 2019

The National Cannabis 

Industry Association’s (NCIA) 

Seed to Sale Show

Boston, MA

https://www.seedtosaleshow.com/ 

February 13–14, 2019

CannaTech Panana

San Felipe, Casco Antiguo, Panama

https://panama.canna-tech.co/ 

February 19, 2019

Accelerate Cannabis

Newark, NJ

https://acceleratecannabis.com/ 

February 27–March 1, 2019

The 5th Annual Emerald Conference

San Diego, CA

https://www.

theemeraldconference.com/ 

March 11–12, 2019

MoCannTrade & Midwest 

CannaExpos: MoCannBizCon+EXPO

St. Louis, MO

https://

midwestcannaexpos.123signup.

com/event/details/rqznf

March 12, 2019

The National Cannabis Industry 

Association’s (NCIA) Northern 

California Cannabis Caucus

San Francisco, CA

https://thecannabisindustry.org/

event/t119sf-cannabis-caucus-series/

March 12–13, 2019

5th Annual Canna East

New York, NY

https://infocastinc.com/lps/

cannabis-compliance-east/

March 14, 2019

The National Cannabis Industry 

Association’s (NCIA) Southern 

California Cannabis Caucus

Los Angeles, CA

https://thecannabisindustry.org/

event/t119loscannabis-caucus-series/

March 15–17, 2019

Spannabis

Barcelona, Spain

http://spannabis.com/barcelona/en 

March 17–21, 2019

Pittcon 2019 Confernece & Expo

Philadelphia, PA

http://pittcon.org/

March 19, 2019

The National Cannabis 

Industry Association’s (NCIA) 

Colorado Cannabis Caucus

Denver, CO

https://thecannabisindustry.

org/event/2019denver-

cannabis-caucus-series/

March 22–24, 2019

The 5th Annual New England 

Cannabis Convention (NECANN)

Boston, MA

https://www.necann.

com/2019-boston/ 

March 24, 2019

New Mexico Medical 

Cannabis Conference

Albuquerque, NM

https://nmcannabisconference.

com/2019-conference/

March 26–28, 2019

American Council of Independent 

Laboratories (ACIL) 2019 Policies 

and Practices (P2) Meeting

Arlington, VA

https://www.acil.org/page/755

March 31–April 2, 2019

International Cannabis Business 

Conference (ICBC) Berlin 2019

Berlin, Germany

https://internationalcbc.

com/berlin-home/

April 1–3, 2019

Cannabis Conference

Las Vegas, NV

http://www.cannabisconference.com/

April 1–3, 2019

Cannatech Israel

Tel Aviv, Israel

https://www.canna-tech.co/

April 8–10, 2019

Cannabis Science Conference East 

Baltimore, MD

https://www.

cannabisscienceconference.com/

April 10–11, 2019

California Cannabis Control  

Sacramento, CA

https://infocastinc.com/event/

california-cannabis-control/

April 18–19, 2019

CannaCon

Oklahoma City, OK

https://cannacon.org/oklahoma/

oklahoma-city-cannacon/

http://www.CannabisScienceTech.com
https://internationalcbc.com/icbc-san-francisco-home/
https://www.cannabis-europa.com/en/programme-2019/
https://www.seedtosaleshow.com/
https://panama.canna-tech.co/
https://acceleratecannabis.com/
https://www.theemeraldconference.com/
https://midwestcannaexpos.123signup.com/event/details/rqznf
https://www.necann.com/2019-boston/
https://thecannabisindustry.org/event/2019denver-cannabis-caucus-series/
http://pittcon.org/
http://spannabis.com/barcelona/en
https://thecannabisindustry.org/event/t119loscannabis-caucus-series/
https://infocastinc.com/lps/cannabis-compliance-east/
https://thecannabisindustry.org/event/t119sf-cannabis-caucus-series/
https://nmcannabisconference.com/2019-conference/
https://www.acil.org/page/755
https://internationalcbc.com/berlin-home/
http://www.cannabisconference.com/
https://www.canna-tech.co/
https://www.cannabisscienceconference.com/
https://infocastinc.com/event/california-cannabis-control/
https://cannacon.org/oklahoma/oklahoma-city-cannacon/
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April 25–27, 2019

O’Cannabiz Conference & Expo 

Toronto, Cananda

http://www.ocannabiz.com/toronto

May 5–8, 2019

2019 AOCS Annual Meeting 

St. Louis, MO

https://annualmeeting.aocs.org/

May 6, 2019

MJBizDaily’s European 

Cannabis Symposium 

Copenhagen, Denmark

https://mjbizconference.com/europe/ 

May 15–16, 2019

International Cannabis Business 

Conference (ICBC) Zurich 2019

Zurich, Switzerland

https://internationalcbc.

com/zurich-home/

May 29–June 1, 2019

Cannabis World Congress & 

Business Exposition (CWCB) 

New York, NY

https://www.cwcbexpo.com/

show-information-nyc/

June 2–4, 2019

ASTM International’s D37 

on Cannabis, June 2019 

Committee Week 

Denver, CO

https://www.astm.org/

MEETINGS/fi ltrexx40.cgi?+-

P+TERM+D37+searchresults.frm

June 12–14, 2019

MJBizCon Next 

New Orleans, LA

https://mjbizconference.com/next/

June 12–14, 2019

The Hemp Industry Daily 

New Orleans, LA

https://mjbizconference.com/hemp/

June 21–22, 2019

CannaCon

Detroit, MI

https://cannacon.org/detroit/

detroit-cannacon/

June 28–30, 2019

Florida Medical Cannabis 

Conference & Exhibition

St. Petersburg, FL

http://fmcce.org

July 12–13, 2019

World Medical Conference & Expo

Philadelphia, PA 

https://www.

compassionatecertifi cationcenters.

com/event/2019-world-

cannabis-conference-expo/ 

July 21–24, 2019

North American Chemical 

Residue Workshop (NACRW) 

56th Annual Conference

Naples, FL 

https://nacrw.org/

July 25, 2019

Cannabis Drinks Expo

San Francisco, CA

http://cannabisdrinksexpo.com/

August 23–24, 2019

CannaCon

Springfi eld, MA

https://cannacon.org/springfi eld/

springfi eld-cannacon/

September 4–6, 2019

Cannabis Science Conference West

Portland, OR

https://www.

cannabisscienceconference.com/

September 4–6, 2019

MJBizCon Int’l

Toronto, Canada

https://mjbizconference.com/intl/

September 13–14, 2019

The New Jersey Cannabis 

Convention

Morristown, NJ

https://www.necann.

com/2019-new-jersey/

September 15–16, 2019

International Cannabis Business 

Conference (ICBC) Vancouver 2019

Vancouver, Canada

https://internationalcbc.

com/vancouver-home/

September 25–28, 2019

Cannabis World Congress & 

Business Exposition (CWCB) 

Los Angeles, CA

https://www.cwcbexpo.com/la-2019/

October 8–11, 2019

American Council of 

Independent Laboratories 

(ACIL) 2019 Annual Meeting

Nashville, TN

https://www.acil.org/page/755

October 23–26, 2019

Cannabis World Congress & 

Business Exposition (CWCB) 

Boston, MA

https://www.cwcbexpo.

com/boston-2019/

November 13–14, 2019

Ark-La-Tex Cannabis Business Expo 

Little Rock, AR

https://imperiousexpo.com/

expos/arklatex2017/info.html

December 11–13, 2019

Marijuana Business MJBizCon 

Las Vegas, NV

https://mjbizconference.com/vegas/

http://www.CannabisScienceTech.com
http://www.ocannabiz.com/toronto
https://annualmeeting.aocs.org/
https://mjbizconference.com/europe/
https://internationalcbc.com/zurich-home/
https://www.cwcbexpo.com/show-information-nyc/
https://www.astm.org/MEETINGS/filtrexx40.cgi?+-P+TERM+D37+searchresults.frm
https://mjbizconference.com/next/
https://mjbizconference.com/hemp/
https://cannacon.org/detroit/detroit-cannacon/
http://fmcce.org
https://www.compassionatecertificationcenters.com/event/2019-world-cannabis-conference-expo/
https://nacrw.org/
http://cannabisdrinksexpo.com/
https://cannacon.org/springfield/springfield-cannacon/
https://www.cannabisscienceconference.com/
https://mjbizconference.com/intl/
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https://internationalcbc.com/vancouver-home/
https://www.cwcbexpo.com/la-2019/
https://www.acil.org/page/755
https://www.cwcbexpo.com/boston-2019/
https://imperiousexpo.com/expos/arklatex2017/info.html
https://mjbizconference.com/vegas/


Cannabis Science and Technology: 
May/June and July/August 2019 Issues

Cannabis Science and Technology magazine is seeking contributed 

manuscripts for the May/June and July/August 2019 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 (including sample preparation 
techniques); the development of standard (consensus) methods; proper laboratory techniques and laboratory best 
practices; laboratory accreditation, profi ciency testing, and inter-laboratory comparison testing; equipment and 
technology for testing and processing; regulatory issues; current good manufacturing practices (cGMPs); research 
on cannabinoids and terpenes; extraction methods, best practices, and troubleshooting; as well as cultivation 
techniques, tips and tricks, and troubleshooting.

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 diff erent 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.

Where to submit
Send all proposals and completed articles to Editor Meg L’Heureux, at meg.lheureux@ubm.com  (tel. +1.732.346.3051).

Deadlines
Submission deadlines for the May/June 2019 issue are:

Submission deadlines for the July/August 2019 issue are:

Abstracts:
Completed manuscripts: 

March 8, 2019
April 1, 2019

Abstracts:
Completed manuscripts: 

May 8, 2019
June 3, 2019

 CALL FOR PAPERS 

mailto:meg.lheureux@ubm.com
http://www.CannabisScienceTech.com
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There are more than 100 cannabinoids that can be found 

in the cannabis plant or extracts (1). Tetrahydrocannabinol 

(THC) and cannabidiol (CBD) are two of the highest pri-

ority in potency testing along with their acidic forms, tet-

rahydrocannabinolic acid (THCA) and cannabidiolic acid 

(CBDA) (2). Several methods have been developed for op-

timal results of resolution, sensitivity, and throughput. His-

torically, 276 nm is ideal for acidic cannabinoids, but non-

acidic cannabinoids give weak responses. Consistent with 

previous literature, a wavelength of 228 nm was chosen as 

an acceptable compromise (3).

Experimental Conditions

• UHPLC: Nexera-i (LC-2040C 3D)

• Mobile phase A:  Water, 5 mM ammonium 
formate, 0.1% formic acid

• Mobile phase B: Acetonitrile, 0.1% formic acid

• MP Composition: Isocratic, 25:75

• Column:  Shimadzu NexLeaf CBX II, 1.8 μm, 
3.0 x 100 mm; Shimadzu NexLeaf 
CBX II Guard, 1.8 μm

• Oven temperature: 30 °C 

• Flow rate: 1.0 mL/min 

• Wavelength monitored: 228 nm

Results and Discussion

An 11 component cannabinoid mixture was supplement-

ed with fi ve additional cannabinoids (Cerilliant) to create a 

100.0 ppm comprehensive mix of 16 cannabinoids. Figure 1 

shows the chromatographic separation of the cannabinoids 

at 100 ppm. USP resolution greater than 1.0 was indicated 

for all analytes. A series of low, middle, and high calibration 

checks were also run in replicates of six injections. 

Conclusion

Utilizing the conditions presented here shows UHPLC with 

PDA detection to be a high-throughput, sensitive meth-

od for analysis of cannabinoids. It’s important to note that 

when running samples in matrix, a column wash is recom-

mended to minimize the chance of carryover affecting col-

umn performance over time.

References

1) M. Wang, Y.H. Wang, B. Avula, M.M. Radwan, A.S. 
Wanas, J. van Antwerp, and I.A. Khan, Cannabis 
and Cannabinoid Research 1(1), 262–271 (2016).

2) M. ElSohly and W. Gul in Handbook of Cannabis, R. 
Pertwee, Ed. (Oxford Scholarship Online, 2014) Chap. 1.

3) “16 Cannabinoids on Raptor ARC-18 1.8 
μm by LC-UV,” Restek. (2017).

The Potency Determination of 16 Cannabinoids 
by UHPLC with Diode-Array Detection 

Beth Markello and Craig Young, Shimadzu Scientifi c Instruments

Traditional HPLC is the gold standard for cannabinoids analysis, including the acidic forms, providing 
nearly complete separation of the cannabinoids, and robust quantitation. To assist in optimizing for 
high throughput while maintaining sensitivity and resolution, this application note proves a 4.5-min 
isocratic method using a UHPLC system.

Shimadzu Scientifi c Instruments
7102 Riverwood Drive, Columbia, MD 21046

tel. (800) 477-1227, (410) 381-1227

website: www.ssi.shimadzu.comwebsite: www.ssi.shimadzu.com
Figure 1: UHPLC-PDA chromatogram—16 cannabinoids.

Figure 2: 16 cannabinoid mixture—overlay of six injections 
(1 μL; 100 ppm).
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66 Supplier Profi le

DigiVac
COMPANY DESCRIPTION

DIGIVAC is a family-owned business that has been operating for more than 30 years. It is the 

home of Vacuum Engineering Excellence. We build American made vacuum instrumentation 

and scientifi c controls. Our products are designed to meet the practical needs of our customers 

accuracy and reliability. Our gauges are calibrated under actual vacuum against a NIST stand-

ard with unmatched accuracy. DIGIVAC serves OEM, reseller, and provides direct customer sup-

port and sales. We strive to solve tough R&D, process, and manufacturing challenges with sci-

entifi c controllers and vacuum instrumentation. We back our designs with smart and responsive 

technical support.

CHIEF SERVICES SUPPORTED

What makes DIGIVAC different: We have a 

team of highly experienced engineers that 

know vacuum and distillation applications. 

They thrive on innovation and can customize 

gauges and controllers to meet your needs. 

We have a deep understanding of short path 

distillation (SPD) and how vacuum improves 

processes and effi ciency. Our relationships in 

the industry supports in-laboratory product 

testing that speeds innovation and product 

development to meet the growing and evolv-

ing needs of the cannabis and plant oil pro-

cessing industries.

MAJOR PRODUCTS

• VPC: provides innovative yet simple 

vacuum control for rotary evaporator 

distillation and isolation of plant oils. 

The VPC delivers precise control of 

target vapor pressure and is designed 

to tolerate harsh chemicals.

• Bluetooth Bullseye Precision Gauge 

has patented vacuum graphing and has 

become the standard for measuring 

SPD processing. Combine this with the 

Vacuum Gauge app to enable remote 

monitoring. Set low and high alarms plus 

email data and graphs for documentation.

• STRATAVAC 2018 with bleed: Often 

installed in distillation systems including 

SPD and wiped fi lm to show multiple 

vacuum levels across a system with 

simple and precise vacuum control.

STATES SERVED

USA Nationwide and Canada

DigiVac

1020-1030 Campus Drive 
West, Marlboro, NJ 07751 

USA

TELEPHONE

(732) 765-0900
Fax: (732) 765-1800

EMAIL

sales@digivac.com

KEY PERSONNEL

Tim Collins, EE, MBA, CEO, 
President

Tom Bassi, R&D Manager
Jennifer Collins, MBA, 

Director Sales and Marketing www.digivac.com

MANUFACTURING 

& PROCESSING

A DV ERTISEMENT

mailto:sales@digivac.com
http://www.digivac.com
http://www.CannabisScienceTech.com
http://www.digivac.com


LEARN FROM THE MOST INNOVATIVE scientific 
LEADERS IN THE CANNABIS INDUSTRY.
We bring together top industry scientific, extraction, production and 

cultivation professionals, cutting-edge scientific companies, visionary 

business and technical professionals in a collaborative environment 

that fosters groundbreaking advancements enabled by connections. 

FEB. 27 - MAR. 1, 2019
Loews Coronado Bay Resort

San Diego, CA

REGISTER EARLY TO RESERVE YOUR SPOT. use the code CSTECH for a $50 savings.

Ready to be inspired? 

Learn more about The Emerald Conference at: 

www.emeraldconference.com

T h e  5 t h  A n n u a l  E m e r a l d  C o n f e r e n c e

http://www.emeraldconference.com
http://www.emeraldconference.com


We Simplify Science

EDGE™
 

Extraction system for potency, 

pesticides, terpenes, & mycotoxins

cem.com/EDGE

MARS™ 6 

Microwave digestion system 

for heavy metals

cem.com/MARS6

Sample prep 
made simple.
For LC, GC, MS, 

& ICP analysis.

For over 40 years, CEM has been a trusted 

source for analytical sample prep systems.

Our passion is to develop systems that are 

simple to use, cost effective to operate, and 

include industry leading technical support; for 

those times when you need it.

http://www.cem.com/edge
http://www.cem.com/mars6
http://www.cem.com/


PLENARY SPEAKERS

TICKETS NOW AVAILABLE!

CannabisScienceConference.com

BALTIMORE, MD

April 8-10, 2019
BALTIMORE CONVENTION CENTER

• WORLD’S LARGEST 

CANNABIS SCIENCE EVENT!

• 1,500+ ATTENDEES!

• OVER 100 EXHIBITS!

MONTEL WILLIAMS
Television Icon 

Founder, LeniƟv ScienƟĮc

RICKI LAKE
Television & Film Icon

ExecuƟve Producer,

Weed the People

http://www.cannabisscienceconference.com/
http://www.cannabisscienceconference.com/


CANNA BOOT CAMP CANNABIS EXPERTS ANALYTICAL EXPERTS EXCITING EXHIBITS

INTERACTIVE PANELS CULTIVATION EXPERTS MEDICAL EXPERTSPOSTER SESSIONS

2019 Cannabis Science Conference East

SPONSORSHIPS AVAILABLE.  Contact Andrea@CannabisScienceConference.com

CannabisScienceConference.comipsumAPRIL 8-10, BALTIMORE, MD

http://www.cannabisscienceconference.com/
mailto:Andrea@cannabisscienceconference.com
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