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Hemp Testing Insanity
Federal law sets a strict national limit of 0.3 dry weight percent tetrahydrocannabinol (THC) for hemp to be 
considered legal. Here, we review concepts from earlier columns on accuracy, precision, and representative 
samples. Different states are using different sample methods, chromatographic techniques, different 
levels of THC, and some are even using total THC instead of THC. In light of what we have learned, I 
discuss why this is crazy and how it is unfair to hemp farmers.

Brian C. Smith

T
he 2018 Farm Bill legalized the 

growing of hemp throughout the 

U.S. so long as the plant material 

contains less than 0.3% dry weight del-

ta-9-tetrahydrocannabinol (∆9-THC) (1). 

In my own research, reading of state 

regulations, and discussions with hemp 

farmers, I have found that the method 

of collecting samples, the instrumen-

tal technique used to analyze them, 

and the cannabinoid reading that is be-

ing used to determine legality varies 

from state-to-state. This, along with the 

problem of inter-laboratory variation in 

the cannabis analysis industry, has lead 

to what I call “hemp testing insanity”—

the dilemma hemp farmers face trying 

to legally grow a crop when surrounded 

by legal confusion.

Hemp Versus Cannabis?

The title of this magazine and this col-

umn both contain the word canna-

bis. So far, my attention has focused 

on marijuana testing, and in many peo-

ple’s minds the term cannabis may only 

mean marijuana. Since the passage of 

the 2018 Farm Bill (1) the hemp acre-

age planted in the U.S. has explod-

ed, and cannabidiol (CBD) seems to 

be on sale practically everywhere, in-

cluding at Walgreens and in hamburg-

ers at the fast food chain Carl’s Jr. (2,3). 

Technically, marijuana and hemp are the 

same plant species, it’s just that the for-

mer contains a lot of THC, and the latter 

very little. Therefore, it is appropriate for 

this magazine to publish articles about 

hemp testing, and for this column to 

address the topic of hemp analysis. Go-

ing forward, I will use the term mari-

juana for high THC plant material, and 

hemp for low THC plant material.

Review of Analytical 

Chemistry Concepts

I will not go into detail here, but in-

stead point you towards previous col-

umns of mine that have covered ba-

sic topics in analytical chemistry. The 

topics of error, accuracy, and precision 

were covered in the November 2018 

edition of this column (4). Recall that 

precision is a measure of reproducibil-

ity, accuracy is how far you are off from 

the true value, and that these two met-

rics are not the same thing. Precision 

can, in general, always be determined 

by running the same sample over and 

over again and comparing results. Ac-

curacy is not always available unless 

there exists a standard reference ma-

terial for an analysis that can provide 

a legitimate true answer. I have previ-

ously lamented the lack of appropri-

ate standard reference materials in this 

industry (5). Lastly, all measurements 

contain error, which can be comprised 

of systematic error, random error, or 

both. The source of systematic error 

can frequently be diagnosed and rem-

edied (4). Random error is always with 

us because we cannot control all the 

variables in the universe when making 

a measurement (4).

Representative sampling is another 

topic I have covered (6). Simply put, in 

general the whole of which one is trying 

to analyze will not be homogeneous. It 

is then important to collect a represent-

ative sample of the whole, and analyze 

multiple aliquots and average the results 

to get the most representative and accu-

rate picture of a material.

Legal Confusion

Current Federal law in the U.S. limits the 

amount of THC in ground, dried hemp 

to 0.3 wt.% (1). Presumably, this low lev-

el was set to prevent people from smok-

ing hemp to get high. However, this le-

gal defi nition is confusing in that it says 

nothing about tetrahydrocannabinol-

ic acid (THCA), which is found in high 

quantities in marijuana. The problem 

is that THCA decarboxylates to THC 

when heat is applied to smoke the ma-

terial, via the following reaction:

THCA => THC + CO2

Additionally, THCA can convert to THC 

at a known rate at room temperature 

(7). There exist marijuana strains that 

contain more than 20% THCA and less 

than 0.3% THC. A strict interpretation 

of the law means this material may be 

legally considered hemp and can be 

sold and transported throughout the 

U.S. Of course, when smoked material 

that contains more than 20% THCA will 

be highly intoxicating. I doubt it was the 

intention of the U.S. Congress to allow 

high THCA marijuana to become legal 

nationwide. How can a law that states 

a specifi c level of a molecule is illegal 

be enforced if we can’t agree on what 

http://www.CannabisScienceTech.com
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molecules we are taking about? We can’t. This is an example 

of hemp testing insanity.

Because THCA converts to THC, the truest measure of the 

intoxicating abilities of a marijuana sample is its total avail-

able THC, which is calculated using the following equation.

Total THC = THC + (0.877)THCA [1]

In equation 1, the quantities are expressed as weight per-

cent. The 0.877 factor accounts for the fact that THCA mol-

ecules are heavier than THC. Most third party cannabis test-

ing laboratories report out the total THC value in addition 

to the individual THCA and THC readings because the total 

THC values are useful and important.

It is particularly important for hemp farmers to use the 

right measurement of THC to manage their crops. For ex-

ample, imagine a farmer tests a hemp sample and it comes 

back 0.2% THC and 0.4% THCA. A strict interpretation of the 

Farm Bill would say this material is legal. However, let’s say 

the state government comes in, collects samples, and that 

upon transportation and storage some of the THCA con-

verts to THC and the state’s test results come back 0.4% THC 

and 0.2% THCA. The state would consider this farmer’s crop 

noncompliant with the law, with the risk of it being seized 

and destroyed. This is an example of hemp testing insanity.

To make matters worse, different states are applying differ-

ent standards to enforce the law. For example, Kentucky uses 

THC only (8), whereas Oregon uses total THC (9). I recently 

heard that New York state has switched from using total THC 

to THC for regulating this year’s hemp crop. This means that 

hemp farmers in different states are being subjected to differ-

ent regulations. Thus, a crop in one state may be considered 

legal whereas the same crop in another state may be consid-

ered illegal. This is an example of hemp testing insanity.

HPLC Versus GC

Adding confusion to the matter is that some states, such as Or-

egon use high performance liquid chromatography (HPLC) (8) 

to measure cannabinoids in hemp, whereas other states, such 

as Kentucky, use gas chromatography-fl ame ionization detec-

tion (GC-FID) (9). HPLC measures THC and THCA separately 

(10), and there is no conversion from THCA to THC during the 

analysis. However, during GC analysis of cannabinoids, THCA 

breaks down to THC in the injection port and in the column 

(11), and what is truly measured is the total THC in the sample. If 

the GC analysis report says “THC” instead of “total THC,” then 

comparing GC and HPLC analyses on the same sample can be 

confusing because the two techniques are measuring different 

quantities but calling them the same thing!

Imagine that a hemp farmer receives HPLC THC values 

back from a third party laboratory that states a sample is 

0.2% THC and 0.4% THCA. The farmer will interpret this as 

being legal based on a strict interpretation of the Farm Bill, 

and will not feel the need to act. However, if a state govern-

ment takes the same sample, analyzes it by GC, they will re-

port out a THC value of 0.6% because all of the THCA may 

be converted to THC in the gas chromatograph. The state 

will accuse the farmer of having a noncompliant crop, and 

may seize or destroy it. Similarly, the same crop would be le-

gal in a state that uses HPLC and THC to regulate, whereas 

it would be illegal in a state that uses GC to regulate. These 

are more examples of hemp testing insanity.

Representative Sampling

Research has shown that the cannabinoid content of cannabis 

varies from plant to plant, and even within the same plant (10). 

This means that when assessing whether the hemp in a par-

ticular fi eld is legal, a strict and formal collection procedure 

should be followed, as recently pointed out by Patricia Atkins 

in this publication (12). The upshot is this. Pulling one, or a few 

samples, from a hemp fi eld and analyzing them is not repre-

sentative (12). The mantra should always be the more samples 

analyzed the better, so that the most accurate and represent-

ative picture of a hemp grow (6) is obtained.

Even on this simple idea states cannot agree. Kentucky takes 

fi ve cuttings from a plot (8) and analyzes them. My belief is that 

this is not enough samples, and that the number of samples col-

lected should scale with the size of the fi eld being sampled. Or-

egon takes more samples and uses a “sawtooth” sample col-

lection pattern (13). Regardless of the merits of either approach, 

the fact that the two states do things differently is a problem. 

For identical hemp grows in different states, one may pass com-

pliance testing and one may fail because of sampling differenc-

es and biases. This is another example of hemp testing insanity.

Chromatographic analyses of all types suffer from a repre-

sentative sampling bias. Since these analyses are expensive 

and time consuming, the tendency is to only analyze one or 

a few samples from a hemp fi eld. Of course, for an inhomo-

geneous material, multiple samples should be analyzed and 

averaged to avoid this problem (6). Spectroscopic hemp an-

alyzers exist that are faster and easier to use than chroma-

tographic systems, and give users the ability to more easily 

scan and average multiple samples from a hemp grow to ob-

tain accurate and representative results (14).

Inter-Laboratory Variation 

in the Cannabis Analysis Industry

I have published and written extensively on this problem 

http://www.CannabisScienceTech.com
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(5,15,16). In brief, the same samples submitted to different can-

nabis laboratories too often yield markedly different results (16). 

Here is the crux of the problem. Chromatographs are calibrat-

ed using solutions of pure cannabinoids, and many a laborato-

ry is capable of producing beautiful calibration lines for these 

idealized samples. However, cannabis and hemp samples are 

prepared by extraction to produce solutions of cannabinoids. 

There is a huge variation in extraction method from laboratory 

to laboratory (16). This means different laboratories extract dif-

ferent amounts of cannabinoids from the same sample leading 

to offsets in readings across laboratories (16).

A way to solve this problem is for all laboratories to adopt 

an extraction technique that guarantees that all the cannab-

inoids in a sample are extracted, which I call “extraction to 

exhaustion.” The simplest way for a laboratory to test if they 

are getting all the cannabinoids from their samples is to take 

a sample, extract it over and over again using their extrac-

tion technique, and then analyze each of the extracts. Only 

when the level of detected cannabinoids falls below the de-

tection limit can one say the sample has been extracted 

to exhaustion. If all laboratories extracted to exhaustion it 

would mean they should all pull the same amounts of can-

nabinoids from the same samples, hopefully eliminating the 

offsets of readings observed across laboratories. As a PhD 

analytical chemist with 30 years experience, for my money 

the best extraction and chromatographic analysis method 

of cannabis and hemp samples was published in 2015 in the 

Journal of AOAC International by Giese and colleagues (10). 

The inter-laboratory variation problem hurts hemp farm-

ers because their third party laboratory may say a crop pass-

es, a state laboratory may say a crop fails, and then whose 

numbers are we to believe? Alternatively, hemp farmers with 

identical samples in different states may fi nd their crop legal 

in one place and illegal in another because of inter-laborato-

ry variation. This is another example of hemp testing insanity.

Unenforceable Law?

Section 1 of the 14th amendment to the United States Constitu-

tion says, ”. . . nor shall any state deprive any person of life, liberty, 

or property, without due process of law; nor deny to any person 

within its jurisdiction the equal protection of the laws.”

This has been interpreted to mean that Federal laws must 

be enforced fairly and equally in all states (17). At the mo-

ment, I would contend this is not the case with the 2018 Farm 

Bill. As has been pointed out, different states collect sam-

ples in different ways, use different analytical techniques to 

measure THC, and even disagree on whether total THC or 

THC should be the number used to regulate hemp grows. I 

am not a lawyer, but this sounds to me like the Farm Bill is not 

being enforced equally across the country. 

The solution to this problem requires the states and the 

Federal government to sit down together and fi gure out a 

uniform sample collection method, agree on an accurate in-

strumental technique, and decide which cannabinoid read-

ing they are going to use to determine hemp crop legality. 

It was the intention of the 2018 Farm Bill to boost the hemp 

growing industry in the U.S., but because of a confusing law 

and states interpreting it in different ways, the opposite may 

happen. It is time to end hemp testing insanity.

Conclusions

This column has documented a number causes of hemp testing 

insanity including 

• whether the law meant to use THC or 
total THC to defi ne hemp legality,

• different states using different THC 
measures to determine legality,

• lack of representative sampling,
• different states using different sampling methods,
• different states using different analytical 

methods, that is, HPLC versus GC, and
• the problem of inter-laboratory variation caused 

by differences in extraction technique.

Until our elected offi cials step up, rationalize and harmo-

nize state and Federal regulations, and scientists in this in-

dustry advocate for solutions to these problems, hemp 

farmers will be faced with uncertainty about how and when 

to harvest their crops.

Addendum

As we went to press, I became aware of a website that tracks 

hemp regulations in all 50 states (18). At the moment, it says six 

states are using Δ9-THC, nine are using total THC, and the rest 

are up in the air. This all supports the conclusions of the article.
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Deeper Dive into Extractions: 
Multiphase CO2 Extractions for Full 
Spectrum Native Chemical Profi les

This series of guest columns from Amber Wise and various coauthors has covered a general overview 
of the most common extraction solvent systems and the importance of companies respecting the 
whole plant molecular profi le in their formulations. In this fi nal installment, we review more nuanced 
methods for retaining native chemical profi les for terpenes and cannabinoids for full entourage 
effect formulations. This column gives an overview of some of the ways various temperature and 
pressure combinations can tune the polarity of CO2, and how analytics can be utilized to monitor 
chemovar profi les. It will fi nish by reviewing some ways companies are utilizing multiphase extraction 
(MPE) to their advantage in formulations.

Randy Reed and Amber Wise

T
his column series over the past year 

has covered a general overview of 

the most common extraction sol-

vent systems (1) and the importance of 

companies respecting the whole plant 

molecular profi le in their formulations (2). 

In this fi nal installment, we review more 

nuanced methods for retaining native 

chemical profi les also known as chem-

ovars for inhalation extracts via mul-

tiphase CO2 extraction (MPE) and how 

the methods apply in the most mature 

cannabis marketplace in the world.

Carbon dioxide as a solvent for nat-

ural products is not new and has been 

used extensively (3) to extract a wide 

variety of plant-derived compounds (4) 

such as terpenes, fats, and lipids (5). The 

cannabis industry has capitalized on the 

tuneable properties of CO2 and its abili-

ty to be a very fl exible solvent for a wide 

variety of molecules.

In 2012, Washington state was the 

fi rst state in the nation alongside Colo-

rado to legalize recreational cannabis. 

It is considered by many to be the most 

mature, legal cannabis marketplace in 

the world. It is highly competitive with 

more than 20,000 individual stock keep-

ing units (SKU’s) or products for sale, 

of which the majority are comprised 

of some sort of extract. Washington 

state is often looked at as a case study 

for extraction technology because of 

the concentration of talent and extrac-

tion equipment manufacturers in the re-

gion. This gives the Pacifi c Northwest 

a unique position to be on the cutting 

edge of CO2 extraction. In fact, the MPE 

method discussed in this column was 

developed there.  

Multiphase CO2 extraction is an 

award-winning method that is designed 

to preserve the full spectrum of cannab-

inoids and terpenoids, while minimiz-

ing chemovar drift. Chemovar drift is 

any deviation in a fi nal extract from the 

native, input material’s (cannabis fl ow-

er) chemical profi le. Baseline chroma-

tograms are created by analyzing the 

input material for cannabinoids and ter-

penoids. Chemovar characterization 

analytics are performed by a third par-

ty laboratory (such as Confi dence Ana-

lytics Labs) in Washington state using a 

Shimadzu high performance liquid chro-

matography (HPLC) system for cannab-

inoid characterization and an Agilent 

gas chromatography–mass spectrome-

try (GC–MS) system for terpenes. By ap-

plying the same methods to the fi nished 

extract and assessing the deviation 

between the samples, the concept of 

chemovar drift is better understood.  

See Figure 1 for a comparison of the in-

put fl ower material, the raw extract, and 

the purifi ed terpene profi le overlaid to 

show the similarities between ratios and 

molecular profi les.  

The cannabis matrix is complex with 

hundreds of active compounds with 

various molecular properties and polar-

ities. There are a wide array of standard 

chemical solvents that are useful in cap-

turing most of them. However, when 

choosing an extraction solvent for in-

halation products, human consump-

tion and safety needs to be considered 

and the list of solvents that are easily re-

moved in the fi nished product for safe 

human consumption is shortened dra-

matically. As the increase in lung illness-

es in consumers of e-cigarettes and il-

legal cannabis vape cartridges grows, 

it’s important to understand that cut-

ting agents, diluents, and other non-

cannabis components are unnecessary 

for formulations. The MPE method dis-

cussed here is designed for the com-

mercial production of full-spectrum, in-

halation extracts.  It takes into account 

all the key factors of regulatory, safety, 

sensory, effi cacy, and scalability that are 

http://www.CannabisScienceTech.com


 Know  
Your  
 Dose
When milligrams matter,  
trust Hamilton Company

 ■ High Accuracy and Precision

 ■ Inert Fluid Path

 ■ Less Waste

 ■ Compliance and Logging

 ■ User/Method Security

©2018 Hamilton Company. All rights reserved.

1-888-525-2123

www.hamiltoncompany.com/microlab600

http://www.hamiltoncompany.com/microlab600
http://www.hamiltoncompany.com/microlab600


16 EExxtraaactioonn SSciennce

J
P

G
O

N
 -

 S
T

O
C

K
.A

D
O

B
E

.C
O

M

CANNABIS SCIENCE AND TECHNOLOGY | www.CannabisScienceTech.com VOL 2 • NO 5 • SEPTEMBER/OCTOBER 2019CANNABIS SCIENCE AND TECHNOLOGY | www.CannabisScienceTech.com VOL 2 • NO 5 • SEPTEMBER/OCTOBER 2019

required for viability in the increasingly-

competitive cannabis industry. 

The term multiphase extraction refers 

to the use of both sub-critical phases 

and super-critical phases of CO2 as well 

as the addition of ethanol both as a re-

agent and cosolvent phase. Ethanol can 

be used post-extraction as part of the 

cleanup steps to remove unwanted fats 

and lipids and it can also be used as a 

cosolvent together with CO2 during the 

extraction step itself.  

The ability to fractionate enables 

the CO2 technology to extract and 

preserve the native chemovar by re-

moving the terpene fractions and can-

nabinoid fractions separately. The dif-

ference in molecular structures and 

thus affi nity of these compounds al-

low for effi cient fractional separation 

from the matrix. The different phases 

(sub- versus super-critical) of CO2 have 

different polarities and densities and 

this is what allows the “tuneability.” By 

adjusting temperature, pressure, and 

fl ow rate, the extraction of terpenoid, 

cannabinoid, and fl avonoid constitu-

ents are optimized. Figure 2 shows the 

phase diagram for CO2 and some gen-

eral regions indicated with dotted ar-

eas that some classes of plant com-

ponents are most soluble. In many 

machines, the settings can be con-

trolled very tightly to optimize for the 

specifi c compounds of interest.  

Terpenes are extracted fi rst us-

ing subcritical parameters (<1000  PSI, 

~70  bar) and colder temperatures 

(<15 °C) to preserve the integrity of the 

volatile terpene fractions best.  These 

compounds can be extracted in un-

der 1 h. This fraction can be left in an 

open container at ambient tempera-

ture or pressures to allow residual CO2

to purge with minimal degradation to 

the fraction. It can then be fi ltered and 

refi ned further to increase its purity.  

Cannabinoids are extracted next us-

ing supercritical parameters (>1500 PSI) 

and moderate heat (below 35–45  °C).  

These fractions are left to purge in a 

similar way to the prior fractions. A key 

feature with MPE is its ability to frac-

tionate acids and neutral cannabinoids 

separately. This is helpful for formulat-

ing different products. For example, 

acid cannabinoids like tetrahydrocan-

nabinolic acid (THCA) are better suit-

ed for “dab” products because they’ll 

crystallize once past their supersatura-

tion point and have a textural character-

istic that makes them easier to handle. 

Decarboxylated cannabinoids such as 

tetrahydrocannabinol (THC) don’t crys-

tallize, but their fi nal state at room tem-

perature is an oleoresin, which is often 

better suited for vape cartridges.  

Once the various fractions are ex-

tracted, they are refi ned and formulat-

ed into fi nal products. Figure 3 shows 

various products extracted from the 

same machine at various temperature 

and pressure settings.

Figure 1: Overlay of terpene profi les for input fl ower (dark bars), raw extract (medium 
bars), and the isolated native terpenes (light bars) for a single extraction series using MPE.

Figure 2: Phase diagram of CO2 indicating general regions with dotted lines the most 
useful for extracting the various cannabinoid compounds.
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To Refi ne or Not Refi ne . . . 

Some laboratories may choose to min-

imize post-processing and formulate 

CO2 crude into a “raw extract or CO2

fl ower oil” and go directly into a vape 

pen or cartridge. While this may be a vi-

able method for some, yields and po-

tency tend to be lower and product 

stability, taste, and effi cacy can be com-

promised by lipid oxidation and pyrol-

ysis reactions of nontargeted compo-

nents in the mixture. Refi ning (often 

referred to as winterization) by precipi-

tation can remove potentially harmful or 

off-tasting components like plant waxes 

and lipids from the extract and is gener-

ally good practice when done correctly.

Haku’s extraction laboratory chooses 

to winterize the fractions which increases 

purity and stability. It also shows mini-

mal impact on the native chemovars as 

demonstrated by the chromatograms 

when using the MPE method. In our ex-

perience, winterized CO2 extracts tend 

to be smoother when consumed be-

cause of the lower wax and lipid content. 

By using the MPE method for primary 

extraction, winterizing, and reintroduc-

ing the native terpenoids, “winterized, 

refi ned” CO2 can be tastier and more 

effi cacious than unrefi ned, unwinterized 

CO2 extract—often called CO2 “raw, 

crude, extra virgin, or jelly.” 

Final Formulation  

After tuning the extraction parame-

ters to isolate THC-rich and THCA-rich 

cannabinoid fractions, the cannabinoid 

fractions can be refi ned and blended 

with the terpene fractions.  Depending 

on fi nal formulation, terpenes can vary 

between 5–20% total terpene content.  

Extract viscosity is quantifi ed and ad-

justed according to the needs of the fi -

nal form factor (dab concentrate or va-

por oil).  Sub-critical and gas-phase CO2

can also be used to isolate monoterpe-

nes that can be used for other formu-

lations such as beverages where the 

terpene-rich CO2 can also be used to 

carbonate and fl avor soft drinks.

Terpenes: Quantity Versus Quality  

In native chemovar type extracts the 

old saying “garbage in, garbage out” 

comes to mind. Better said: high quality 

extracts are made from high quality ma-

terial. We’ve found that diversity in the 

terpene profi le makes for a richer sen-

sory experience. Terpene profi les that 

might have higher quantities of singu-

lar terpenes in place of diversity tend to 

lack depth and overall fl avor and the ef-

fects can be limited. Unfortunately there 

is a trend towards total terpene amount 

to be the sole marker of quality just like 

it is with total THC amount. Assessing an 

extract solely on total terpenoids over-

looks the importance of the entourage 

effect. In general, fuller and more com-

plex chemovars, especially with minimal 

chemovar drift matter more than total 

terpene amount.   

The MPE CO2 extraction method 

is applicable across most CO2 equip-

ment platforms.  All of our primary ex-

tractions are performed on an Eden 

Labs 20 L Hi-fl ow system. It is designed 

for commercial, high-throughput op-

eration, and excellent for fractionation. 

MPE using CO2 is superior in its abili-

ty to extract and preserve native chem-

ovars as proven in competition and 

characterization. Additionally, it’s well 

suited for cannabis inhalation extract 

manufacturing because of it’s safety, 

sustainability, and scalability.  

Figure 3: Top left to right: Crude CO2 fractions collected from the same fl ower input us-
ing MPE methods. Bottom left: Native “full-spectrum” terpenoid fractions. Bottom right: 
A separate extraction run with all crude CO2 fractions mixed together to create the full 
spectrum extract used (after further processing) in edible and inhalation formulations  

http://www.CannabisScienceTech.com


Exxtraction SScience 19

VOL 2 • NO 5 • SEPTEMBER/OCTOBER 2019 www.CannabisScienceTech.com | CANNABIS SCIENCE AND TECHNOLOGYVOL 2 • NO 5 • SEPTEMBER/OCTOBER 2019 www.CannabisScienceTech.com | CANNABIS SCIENCE AND TECHNOLOGY

Conclusion

As more and more scientifi c data is 

gathered on the entourage effect 

and the medical applications of spe-

cifi c ratios of active ingredients are 

understood better, being able to pre-

serve the same chemical profi le as 

the original plant material will be im-

portant. It’s also useful for brand dif-

ferentiation and utilizing the vast ar-

ray of chemical profi les available as 

breeders expand their offerings. Ulti-

mately, MPE builds on the value cre-

ated by breeders and cultivators by 

preserving the intent in their work. 

The viability of the method and tech-

nology is being proven in one of the 

world’s most competitive and mature 

cannabis marketplaces. MPE CO2 is 

something that new markets can ben-

efi t from and older markets can pivot 

towards to create value.  
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Beyond Potency: The Importance of 
Measuring Elemental Contaminants 

in Cannabis and Hemp
On a daily basis, the average person around the world is subjected to doses of heavy metals 
and other contaminants from a variety of sources. One of the most insidious sources of routes of 
exposure is through food, beverages, and other sources of oral consumption (that is, nutraceuticals, 
pharmaceuticals, and so on). The World Health Organization contends that food may be the source 
of the largest contribution to the intake of contaminants. Many agricultural products may naturally 
contain heavy metal and other contaminant compounds, from either natural biochemical processes 
or from bioaccumulation from the environment. Other products become contaminated by natural, 
agricultural, or industrial sources or poor hygiene methods of production and storage. Finally, there 
are food and beverage products that are intentionally adulterated or counterfeited with materials 
containing contamination. In this column, we look at different sources of potential contamination 
exposure that may be of concern to both the cannabis industry and the cannabis consumer from the 
perspective of an analytical industry professional with decades of experience in metals analysis. The 
guest author of this installment, Robert Thomas, has worked as an analytical chemist in the fi eld of 
trace element analysis for more than 45 years, including 24 years for an inductively coupled plasma-
mass spectrometry (ICP-MS) manufacturer and 19 years as principal of his own consulting company.  

Robert Thomas

T
he cannabis and hemp industry is 

moving at such an alarming rate 

that the scientifi c and analytical 

testing community is struggling to keep 

up with it. It is estimated that the de-

mand for medicinal and adult recreation-

al cannabis-based products containing 

tetrahydrocannabinol (THC) and canna-

bidiol (CBD) compounds will exceed $25 

billion in the U.S. by 2025 (1,2). However, 

because the U.S. Food and Drug Admin-

istration (FDA) has only been involved in 

this process when an investigational new 

drug (IND) has been submitted to con-

duct human clinical trials (for example, 

Epidiolex from GW Pharmaceuticals), 

regulating the industry to make sure 

products are safe for human consump-

tion has been left to individual states. In 

addition, CBD-only products, which are 

dominating today’s marketplace, are for 

all intents and purposes, unregulated by 

the federal government at this time. 

Unfortunately, many of the state reg-

ulators (including state cannabis com-

missions and department. of agriculture 

personnel) do not have the necessary 

experience and background to fully un-

derstand all the safety, quality, and toxi-

cological issues regarding the cultivation 

and production of cannabis and hemp 

products on the market today. Besides 

the need to characterize its potency 

(CBD and THC content) and other ben-

efi cial compounds, such as terpenoids, 

one of the most important contaminants 

to measure is the level of heavy metals 

because cannabis and hemp will avid-

ly accumulate trace elements from the 

growing medium, soil, fertilizers, and 

even the metallic equipment used dur-

ing the preparation and processing of 

the various concentrates and oils. This 

article, therefore, focuses on the impor-

tance of measuring elemental contam-

inants (heavy metals) in cannabis and 

hemp and, in particular, how they might 

be better regulated to ensure that prod-

ucts are safe for human medicinal and 

recreational consumption. It is universal-

ly recognized that the toxicity effects of 

heavy metals have been well-document-

ed in the public domain because they 

have such a serious impact on human 

health, particularly for young children 

and adults with compromised immune 

systems (3,4). Note: Much of the infor-

mation in this article has been sourced 

from my new book, Measuring Heavy 

Metals in Cannabis and Hemp: A Practi-

cal Guide, which will be published in the 

summer of 2020 (5).

Regulating Cannabis and Hemp

The lack of federal oversight with regard 

to heavy metals in medicinal canna-

bis and hemp products in the U.S. has 

meant that it has been left to the indi-

vidual states to regulate its use. Medical 
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cannabis is legal in 34 states, while 12 states including the 

District of Columbia allow its use for adult recreational con-

sumption (6). However, the cannabis plant is known to be a hy-

per-accumulator of heavy metals in the soil so it is critical to 

monitor levels of elemental contaminants to ensure cannabis 

products are safe to use (7). Unfortunately, there are many in-

consistencies with heavy metal limits in different states where 

cannabis is legal. Some states defi ne four heavy metals while 

others specify up to nine. Some are based on limits directly in 

the cannabis, while others are based on human consumption 

per day. Others take into consideration the body weight of 

the consumer, while some states do not even have heavy met-

al limits. Some states only require the measurement of heavy 

metals in the cannabis plant or fl ower, while others give differ-

ent limits for the delivery method such as oral, inhalation, or 

transdermal (via the skin).

What Can be Learned from the 

Pharmaceutical Industry?

Clearly, there is a need for more consistency across state lines, 

particularly as the industry inevitably moves in the direction of 

being federally regulated. The cannabis industry can learn a 

great deal from the pharmaceutical industry, as it went through 

this process almost 25 years ago when it updated its 100-year-

old semiquantitative (at best), sulfi de colorimetric test for an un-

defi ned suite of heavy metals to eventually arrive at a list of 24 

elemental impurities in drug products using plasma spectro-

chemical techniques. This new list included maximum permit-

ted daily exposure (PDE) limits, based on well-established ele-

mental toxicological data for drug delivery methods (including 

oral, parenteral, and inhalation), together with the analytical 

methodology to carry out the analysis. 

These procedures were described in United States Pharma-

copeia (USP) chapters 232, 2232, and 233 (8–10) for elemental 

impurities in pharmaceutical raw materials, drug compounds, 

and dietary supplements. This meant that pharmaceutical and 

nutraceutical manufacturers were required to not only under-

stand the many potential sources of heavy metals in raw mate-

rials and active ingredients, but also to know how the manufac-

turing process contributed to the elemental impurities in the 

fi nal drug products.

The beginning of the journey to seriously regulate elemental 

impurities in pharmaceuticals in 1995 can be likened to the pro-

duction of cannabis and hemp derived products today, where 

the source of elemental contaminants is not fully understood. 

In particular, the elemental toxicological guidelines to regu-

late the cannabis industry are being taken very loosely from a 

combination of methods and limits derived by the pharmaceu-

tical, dietary supplements, food, environmental, and cosmetics 

industries. Even though the process of manufacturing canna-

bis products might be similar in some cases to drugs and herb-

al medicines, the consumers of cannabis and hemp products 

are using them very differently and in very different quanti-

ties, particularly compared to pharmaceuticals, which typical-

ly have a maximum daily dosage. The bottom line is that heavy 

metal toxicological data generated for pharmaceuticals over a 

number of decades cannot simply be transferred to cannabis, 

hemp, and their multitude of products.

An added complication is that the cannabis and hemp 

plant can not only absorb heavy metals from the soil, but also 

from contaminants in fertilizers, nutrients, pesticides, and the 

growing medium as well as from other environmental path-

ways (11). Additionally, the process of cutting, grinding, and 

preparing the cannabis and hemp fl owers for extraction can 

often pick up elemental contaminants from the manufactur-

ing equipment. Finally, the cannabinoid extraction process 

will extract different amounts of heavy metals, depending on 

the solvent or the super- and sub-critical extraction process 

used and could possibly end up in the fi nished products (12). 

It’s also worth pointing out that the equipment used to deliv-

er these products to consumers such as inhalers, vaporizers, 

and transdermal patches can mean the user is exposed to ad-

ditional sources of elemental contaminants, apart from what’s 

in the cannabinoid compound itself. 

Phytoremediation Properties of Cannabis and Hemp

Cannabis and hemp are known to be hyper-accumulators of 

contaminants in the soil (13). That is why they have been used 

to clean up toxic waste sites where other kinds of remediation 

attempts have failed. In the aftermath of the Chernobyl nu-

clear melt down in the Ukraine in 1986, industrial hemp was 

planted to clean up the radioactive isotopes that had leaked 

into the soil and ground waters (14). Of course Chernobyl is an 

extreme example of heavy metal and radionuclide contami-

nation, but as a result of normal human (anthropogenic) ac-

tivities over the past few decades including mining, smelting, 

wood processing and treatment, electroplating, gasoline ex-

haust, energy production, use of fertilizers, pesticides, waste 

treatment plants, lead-based paint and plumbing materials, 

and so on, heavy metal pollution has become one of the most 

serious environmental problems today. 

Phytoremediation using certain plants is emerging as a cost-

effective technology to concentrate and remove elements, 

compounds, and pollutants from the environment. Within this 

fi eld of phytoremediation, the use of cannabis and hemp plants 

to concentrate metals from the soil into the harvestable parts 

of roots and above-ground shoots (phytoextraction) has great 

potential as a viable alternative to traditional contaminated 
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land remediation methods (15). However, the natural inclination 

of these plants to absorb heavy metals from the soil and grow-

ing environment could potentially limit its commercial use for 

the production of medicinal cannabinoid-based compounds. 

A number of studies have now been carried out on cannabis 

and hemp that provides convincing evidence that they are ac-

tive accumulators of heavy metals such as lead, cadmium, ar-

senic, mercury, magnesium, copper, chromium, nickel, manga-

nese, and cobalt, as the result of human activities (16).

Other Factors for Metal Uptake

The high concentrations of heavy metals accumulation 

achieved in cannabis cannot be explained exclusively by pas-

sive ion uptake. The hyper-accumulating properties of canna-

bis are dependent upon several factors including soil pH, avail-

ability of metal ions in solution, the nitrogen, potassium, and 

phosphorus nutrient content, and the ability of natural or add-

ed chelating compounds, such as humic acid and biochar, to 

bind with the heavy metals to stop them being taken up by the 

plant. These are some of the most important factors for the 

scavenging of heavy metals from the growing environment. It 

should also be noted that the plant’s natural polyamine com-

pounds (amino acid functional groups) will strengthen the de-

fense response of plants and impact their activity against di-

verse environmental stressors including metal toxicity and 

oxidative stress. 

Based on evidence in the public domain, there are about 15 

heavy metals found in natural ecosystems (soil, water, air) that 

could be potential sources of contaminants accumulated by 

the plant including Pb, As, Hg, Cd, Ni, V, Co, Cu, Se, Ba, Ag, Sb, 

Cr, Mo, Mn, Zn, and Fe. Their levels of toxicity would need to 

be investigated further, but there is a case to be made that the 

majority of them could be the future basis of a federally-regu-

lated panel of elemental contaminants in cannabis and hemp.

Potential of “Real-World” Sources of Metal Pollutants 

With all the diverse and varied conditions used for grow-

ing cannabis, it is very diffi cult to eliminate all the potential 

sources of elemental contaminants to reduce their impact 

on the plant. However, it is well recognized that heavy met-

al pollution has been problematic over the past few decades, 

which if not minimized, can result in enhanced levels in can-

nabis and hemp. They might not all have a negative impact 

on the health of the plant during cultivation, but the chances 

that they will end up in the fl owers and the fi nal manufactured 

products are very high. It’s therefore worth listing some of the 

many potential “real-world” sources of elemental contamina-

tion, both from a cannabis and hemp plant cultivation per-

spective as well as the cannabinoid manufacturing process.

Indoor and Outdoor Growing Sources

• Heavy metals in soil and growing media, particularly for 
plants that are cultivated outdoors

• Areas surrounding active or abandoned mines, particularly 
gold and silver mines that used mercury for extraction

• Poor water quality used in hydroponics for the growing of 
cannabis plants indoors (think of Pb-contaminated water in 
Flint, Michigan)

• Chromium, arsenic, and copper compounds used to treat 
and preserve wood

• Use of low-grade fertilizers or nutrients made from 
phosphate rocks, which contain signifi cant amounts of 
heavy metals 

• Inorganic pesticides that contain, arsenic, copper, lead, 
and mercury 

• Emission of elemental mercury into the atmosphere from 
industries such as coal-fi red power plants, metal refi neries, 
petrochemical plants, and cement works (approximately 
100 tons of Hg are emitted by U.S. industries annually)

• Decades of adding tetra ethyl lead to gasoline as an 
engine anti-knocking agent, which has ended up in the soil, 
particularly around major highways 

• Decades of using lead, cadmium, and arsenic based 
pigments in paint

Manufacturing and Production Sources

• Manufacturing equipment used to produce the myriad of 
cannabis-based products such as stainless steel, plastic, 
polymers, and glassware

• Solvents and chemicals used to extract, infuse, and 
concentrate cannabinoids from the plants (super- or sub-
critical extraction temperature and pressure will have an 
impact how much heavy metal is extracted into the fi nal 
product)

• Leaching of heavy metals from delivery devices such as 
vaping sticks, inhalation devices, and infused transdermal 
patches 

• Fillers and mineral-based raw materials added to tablet 
formulations

• Materials used in gel cap formulations

• Topical and transdermal cream formulations

• Recipe ingredients for edibles such as cookies and brownies

• Any products or ingredients sourced in Asia can potentially 
be a source of contamination (think melamine in infant 
formula and pet food, lead paint on toys, pewter in fake silver 
jewelry, and metallic components including Pb-based solder 
used in vaping devices to deliver products via inhalation) 

The Smoking of Cannabis

It’s worth pointing out that, historically, most consumers 
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of recreational cannabis use it by the inhalation or smoking 

route. Smoke chemistry has been predominantly investigated 

in tobacco products, but many studies over the past 10 years 

have highlighted the qualitatively similar carcinogenic chem-

icals contained within both tobacco and cannabis smoke (17). 

In a recent study, the International Organization for Standard-

ization and Health Canada analyzed tobacco and cannabis 

cigarettes. The heavy metals contained in both smoked prod-

ucts included: mercury, cadmium, lead, chromium, nickel, ar-

senic, manganese, and selenium (18). Quantitatively, there 

were lower heavy metal concentrations in cannabis smoke 

condensates, due mainly to the fact that the cannabis sup-

ply was grown hydroponically. In addition, the soil-less growth 

medium of the cannabis plants required water and water-sol-

uble hydroponic vegetable fertilizers which contain nitrogen 

in the form of nitrates. So with no soil-based heavy metals to 

be extracted during the growth cycle of the cannabis, it was 

the liquid fertilizers used in the hydroponic systems that con-

tributed mostly to the heavy metal levels. It should also be 

emphasized that in any hydroponic growing process, the el-

emental impurities in the water supply should be below the 

U.S. Environmental Protection Agency (EPA) maximum con-

taminant levels (MCL), otherwise the plant will pick up heavy 

metals from the water. This could be a real concern with old 

buildings that perhaps have been using lead pipes, or copper 

and iron pipes connected with lead-based solder. There is a 

great deal of information in the public domain about the up-

take of heavy metals into tobacco and the resulting content 

in tobacco products, such as nicotine and electronic nicotine 

delivery (END) devices (19,20). 

Testing Procedures

As a result of the high likelihood of heavy metals being pre-

sent in hemp and cannabis products, the correct sampling and 

testing for heavy metals is absolutely critical. The most suita-

ble and widely used technique is inductively coupled plasma-

mass spectrometry (ICP-MS), which is a very sophisticated mul-

tielement analytical technique that can easily measure down to 

parts per trillion (ppt) detection levels. However, it requires an 

analytical chemist with a reasonably high level of knowledge 

and expertise to fully-understand the nuances of ultra-trace el-

emental analysis, including laboratory cleanliness, sources of 

contamination, sample preparation, digestion techniques, in-

strumental method development, interference corrections, 

calibration routines, use of reference materials, and validation 

procedures. In other words, in the hands of an inexperienced 

user it could easily generate erroneous results. For that reason, 

the expertise of the testing laboratory and the people running 

the instrumentation is of prime importance, and in particular to 

have an intimate knowledge of working in the ultra-trace envi-

ronment and to be aware of all the potential sources of elemen-

tal contaminants outlined below (21).

Sources from the Laboratory 

Testing Procedure and Methodology

• Cleanliness of sample preparation test area and equipment

• Laboratory dust or dirt of unknown origin (for example, old 
Pb-based paint)

• Cleanliness of sample digestion procedure

• Quality of the deionized water 

• Purity of analytical reagents, acids, and solvents

• Impurities in laboratory glassware and plastic vessels or 
containers 

• Purity of the plastic tubing used in delivering the sample to 
the instrument

• Contaminants from the analyst including clothing, 
cosmetics, lotions, perfumes, shampoo, jewelry, smoke

• Laboratory drywall or plasterboard walls and partitions 
made from fl ue gas desulfurization (FGD) waste products—
some of these contain high levels of heavy metals because 
they have been made with “clinker” produced by scrubbing 
emissions from coal-fi red power plants

I have become very familiar with the demands of the phar-

maceutical community and, in particular, their trace element 

impurity requirements, so I have a very good perspective of 

how the industry approached the problem of tracing sources 

and pathways of heavy metals in raw materials and drug prod-

ucts. This topic was the focus of my most recent book entitled 

Measuring Elemental Impurities in Pharmaceutical Materials: A 

Practical Guide, which was published in the spring of 2018 (22). 

In the three years it took me to research and write this book, I 

realized the pharmaceutical manufacturing industry were not 

really familiar with ICP-MS, so they needed educating about 

how to generate high quality data when working at the ul-

tra-trace level. After I published the book, on the suggestion 

from many people within the pharmaceutical and herbal sup-

plements industries, I turned my attention to the cannabis 

and hemp industry and started interviewing cultivators, grow-

ers, producers, processors regulators, and testing laborato-

ries to get a better understanding of what the industry needs 

with regard to its heavy metals’ testing requirements. As a re-

sult of that background research, I have begun the process of 

writing the book, which will be entitled Measuring Heavy Met-

al Contaminants in Cannabis and Hemp: A Practical Guide (5). 

Final Thoughts

Our environment has been severely polluted by heavy metals, 

which has compromised the ability of our natural ecosystems 

http://www.CannabisScienceTech.com
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to sustain and foster life. Heavy metals are known to be nat-

urally occurring compounds, but anthropogenic activities in-

troduce them in extremely large quantities into our agricul-

tural growing and cultivation systems. Nowhere is this more 

evident than in the delicate balance of growing cannabis and 

hemp for commercial, medicinal, and recreational uses. Unfor-

tunately, the demand for cannabinoid-based products is mov-

ing so fast that the scientifi c community is not keeping up with 

it; whether it’s the testing of the products to make sure they are 

safe for human consumption or the medical research required 

to understand the biochemistry that is fundamental to treat-

ing a particular disease or ailment. The industry is both exciting 

and chaotic at the same time, but because of its unparalleled 

growth there appears to be very little incentive to bring in sen-

sible regulations. There clearly needs to be a more comprehen-

sive suite of elemental contaminants tested and to set the max-

imum limits on toxicological data based on the manner and the 

quantity that cannabis products are consumed. For that rea-

son, researchers who are trying to raise the bar now will be re-

warded when the FDA eventually starts to regulate the industry. 

However, in the meantime, I’m fi rmly committed to educating 

state regulators to better understand the potential sources of 

heavy metals in cannabis and hemp and to help the laboratory 

testing community improve the quality of its results. 
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Kicking Grass and Taking Names: 
A Conversation with Three Inspiring 

Female Cannabis Leaders
Panel discussion with several prominent women in the cannabis industry: AC Braddock, CEO of 
Eden Labs; Autumn Karcey, CEO of Cultivo, Inc.; and Tracy Ryan, CEO and founder of CannaKids 
and founder of the 501c3 SavingSophie.

Joshua Crossney

I
n June 2018, “Cannabis Crossroads” 

focused on three pioneering wom-

en in cannabis science. Just over one 

year later there seems to be several dif-

ferent views regarding gender trends in 

the C-suite levels of the cannabis indus-

try. One fact that cannot be ignored is 

that several strong women dove head 

fi rst into the cannabis industry, reaching 

the top of their respective fi elds and em-

powering others to succeed. 

I recently had the opportunity to meet 

with three such women-leaders in can-

nabis cultivation, medicine, and science. 

The messages they shared transcend 

opinions, surveys, and statistics and sug-

gest that underpinning the emergence 

of these women as key opinion leaders is 

an unprecedented surge of growth, de-

termination, opportunity, and self-sup-

port that is unavailable elsewhere in cor-

porate America. These leading women 

entrepreneurs are not sitting back nor 

asking for permission to grow. There is 

nothing small-scale about them. They 

are leading the way and they are not 

looking back.

You each have been leaders in your 

fi elds for well over a decade. Can you 

please tell us about the work that you 

do in the cannabis industry?

AC Braddock: I am the CEO of Eden 

Labs, a 25-year-old botanical extrac-

tion technology and product develop-

ment company. When I became CEO in 

2009, I recognized that legalization on a 

medical platform for cannabis required 

unquestionably safe concentrates for 

both producers of these products and 

patients. As more states legalized, I saw 

the necessity of being politically involved 

to help legislators and regulators wrap 

their heads around what this industry 

was and help direct them down a path 

that would create a solid infrastructure 

for growth. In conjunction with legisla-

tion, it was necessary to force a conver-

sation within the industry on safe extrac-

tion technology to allay regulatory fears 

about product creation and consum-

er safety. It’s almost 2020 and the need 

to unite around the medical science and 

ending prohibition has not gotten less 

timely, it has become imperative.

Autumn Karcey: I initially started in the 

industry as a cannabis cultivator for ap-

proximately 10 years. Currently, I am the 

CEO of Cultivo, Inc., a design and con-

struction management fi rm located in 

southern California. Cultivo specializ-

es in the design and implementation 

of large-scale cultivation facilities and 

manufacturing laboratories.

Cultivo sets itself apart by utilizing our 

many years of cultivation and building 

experience combined with good agri-

cultural practices (GAP) standards and 

good manufacturing practice (GMP) pro-

cesses and other applicable certifications 

to bring premium quality cannabis and 

hemp products to market.

Tracy Ryan: I’m the CEO and founder 

of CannaKids, a California oil line that 

was created after my infant daughter, 

Sophie was diagnosed with a brain tu-

mor at just eight-and-a-half months 

old. We serve patients of all ages who 

are suffering from serious diseases 

such as cancer, autism, and epilep-

sy. I’m also the founder of our 501c3, 

SavingSophie, which we are using to 

raise money to fund our clinical re-

search that we currently have going 

on at one of the top universities in 

southern California working along-

side Dr. Anahid Jewett. What makes 

us so special is this research that we 

currently have ongoing and the dis-

coveries that we are making by stud-

ying the blood of the patients who are 

consuming our CannaKids oils. We are 

up to 16 patients enrolled and we’re fi l-

ing our third patent as we speak. We’re 

extremely excited because we are be-

ginning to understand the mechanism 

of action and why the cannabis plant 

is doing what it’s doing in these can-

cer patients that we are seeing miracu-

lously get well and stay well, as long as 

they stay on the oils. We’re hoping that 

this is going to lead us to many more 

fi nding since we are working on immu-

nology and how cannabis is affecting 

the immune system.

Years ago, there seemed to be a 

“Wild West” atmosphere in the can-

nabis industry. Today there appears 

to be a new ecosystem of network-

ing and legitimacy developing. Can 

you please share your thoughts on 

http://www.CannabisScienceTech.com
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the transformations occurring in 

your fi eld?

Braddock: Yes, legitimacy is increas-

ing, but it’s still wild! The legitimacy is 

coming from the growing awareness 

around the plant’s health benefi ts, but 

especially how it is mitigating the need 

for hard pharmaceutical drugs that rav-

age people’s health. I believe people 

want to fi nd cost effective and natu-

ral ways to prevent illness and improve 

health rather than treating symptoms 

with a one-pill-fi ts-all solution. The rea-

son it is still “wild” is there are so many 

new entrants in the industry who do not 

follow the medical science of the endo-

cannabinoid system, plant genetics, or 

healthy growing and processing pro-

cedures, but instead follow the mon-

ey or “business as usual.” The bottom-

line reason that the industry is still wild 

is because cannabis is still illegal feder-

ally. We need to take cannabis off of the 

Controlled Substances Act, allow public 

access, support small business, and re-

lease the prisoners of this war on people. 

It is criminal that it is criminal.

Karcey: It’s important to note that ana-

lytical testing of cannabis didn’t exist un-

til recent years. I believe once the mar-

ket became educated on issues such 

as pesticides and heavy metals in can-

nabis, the industry pre-legalization, split 

into two sectors: One where you had 

responsible operators and irresponsi-

ble operators. As a consumer, it was the 

challenge of “knowing your operator” in 

mature markets like California. You had 

a high concentration of cultivators so it 

was easier to know and trust your local 

growers. That was not so easy in places 

like New York and Chicago where there 

was less of a concentration of cultiva-

tors. Many cultivators would ship con-

taminated or below grade product out 

of state to a less mature market. I believe 

this was a big reason that so many states 

passed legalization.

Legalization by design was supposed 

to create accessibly for consumers and 

raise quality standards by creating a 

chain of custody, combined with analyti-

cal testing, to provide safe medicine to 

patients and recreational users in vari-

ous legal markets. The downside to this 

is that currently licensed producers in 

the U.S. are allowed to select and sub-

mit their own samples with virtually no 

third-party checks and balances in place. 

This creates multiple loopholes for any 

license holder to illegitimately bypass 

testing standards leaving operators to 

All your processing needs, 
inside and out.

800-223-4524   •   aceglass.com
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www.aceglass.com
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lean on their own morals and standards.

Ryan: I have seen such an incredible shift 

over the last six years since I got into the 

cannabis industry, it’s almost hard to de-

scribe. The type of conferences that we 

are seeing now and the type of individ-

uals that are coming out to network are 

top-in-class. Take the Cannabis Science 

Conference, for example. It’s literally fo-

cusing on the leading minds in research, 

science, technology, and beyond. It’s the 

greatest key opinion leaders in the fi eld 

from all over the world that are gathering 

under one place. In attendance you’re 

seeing doctors, lawyers, medical pro-

fessionals of all kinds, governmental em-

ployees, politicians, and celebrities. You 

name it, they are showing up in droves to 

learn more about this plant and support 

the legalization of it and the mission of it 

moving forward as a plant medicine. 

It’s incredible to continually also learn 

about the science and how that is evolv-

ing over the years because where we are 

today is light years beyond what we saw 

when I originally got into the field. When 

I first started, no one was even talking 

about using medical cannabis for seri-

ous issues and diseases, much less for 

children. I’m very excited to see what 

the coming years are going to show us 

because with the way the science is mov-

ing now, it is only a matter of time before 

we start to watch medicine as a whole be 

changed because of the efficacy of this 

plant in so many different indications.

Are there more sources for funding be-

ing made available to women entre-

preneurs in the cannabis industry? Are 

technologies lower cost or more acces-

sible today? What other traditional bar-

riers to success have you seen changing 

over the past few years?

Braddock: The NY Times has reported 

that for every $58 million men receive 

in investment money in any industry, 

women only get $1 million and because 

cannabis is a Schedule 1 controlled 

substance, the industry has severely re-

stricted access to banking. This means 

the primary source of funding is private 

equity, which adds another layer of diffi -

culty and expense in acquiring funding 

for women and people of color. So, sis-

ters are doing it for themselves by cre-

ating fi nancial networks to fund other 

women and work on social equity.

Competition in technology has sig-

nificantly increased as more companies 

are created specifically for the cannabis 

industry, but also because noncannabis 

related tech companies are moving into 

the industry. New entrants typically lower 

pricing to compete with established com-

panies, but good tech in any industry is not 

cheap. The field will eventually shrink and 

costs will stabilize as the market stabilizes.

Traditional barriers stem from an 

attempt to control a market or people and 

from holding onto knowledge or solutions 

for self-interest and self-enrichment. This 

kind of business model is being replaced 

in the modern business era by mission 

driven companies who are solving social 

ills, promoting transparency, educating, 

and giving back. A modern business 

breaks down the barriers created by the 

old “business as usual” mindset.

Karcey: I self-funded Cultivo with 

$10,000 of my own money. I believe it 

was a right time, right place scenario. 

We started fi ve years ago when there 

were virtually no design build compa-

nies in the space. Today, there are hun-

dreds. The down side to that is many are 

new companies without experience.

Technologies in the cannabis space 

are typically overpriced unless you have 

a team that knows how to associate 

pricing and source products that work. 

At Cultivo we are what’s known as an 

“Owner’s Representative”—our business 

model does not allow us to incentivize 

third party products because our goal is 

to provide the best value for our client.

Traditional barriers to success have 

changed with more states and countries 

legalizing cannabis. However, with state 

taxes, city taxes, and cost of operations, 

it has become very expensive to become 

a licensed producer and keep costs to 

where it is affordable for consumers.

Ryan: As far as whether or not there is 

more money available to women entre-

preneurs in the cannabis industry, I don’t 

really have the stats on that, so I can’t re-

ally speak to whether or not more wom-

en are being funded. But I know that 

more women are running companies in 

this industry. It’s very exciting, as we’ve 

always been a female owned and op-

erated business and we’ve always had 

a higher percentage of women that we 

employee within the CannaKids organ-

ization. I also really love that it’s the fe-

male cannabis plant that brings forth all 

the medicinal values and there’s this re-

ally cool connection there between this 

plant and women in general. 

In my opinion, cannabis is a very loving 

and nurturing plant that is bringing forth 

a lot of healing in the world to patients 

everywhere. I know about 95% of the 

calls that we receive into the office are 

from women as the advocates for the 

patient. To see so many businesses that 

are female owned and operated is very 

inspiring. It’s great to see women finally 

taking their seats at the board table and 

using their voices to drive such an impor-

tant cause forward.

While there were early reports that 

the cannabis industry was more open 

to gender and racial equality, there re-

main many white, male dominated busi-

nesses that have not supported diversi-

ty. What are your experiences here and 

what motivated you to become an in-

dustry leader?

Braddock: You are absolutely correct. 

It is the men that can make a rapid 

change in diversity and equity, but we 

can’t wait for this deeply rooted cultur-

al boulder to move uphill. Women are 

moving ahead on their own or with men 

http://www.CannabisScienceTech.com
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who get why it is important and more 

profi table to have intellectual and cul-

tural diversity sitting at the table. The 

founder of Eden Labs is this kind of 

man and because of my long history 

as an entrepreneur, I was able to rec-

ognize that here was an opportunity to 

not only fi nd a creative, enjoyable, and 

supportive work environment, but also 

be in a position where I could lead by 

example on the two things nearest and 

dearest to my heart and soul; support-

ing equality of all kinds and promoting 

plant medicine.

Karcey: The legalization effort initially 

started as a grass roots movement out 

of places like Colorado with a fairly low 

fi nancial barrier to entry. Many minority 

and female operators were able to start 

small businesses. Around fi ve years ago, 

we had statistics of female leadership in 

the cannabis space in the 40 percentile. 

As legalization grew into multiple states 

and became somewhat normalized so 

did options for traditional private fund-

ing. Many private investors are typical-

ly spearheaded by rich white men who 

hire their buddies. In recent years, we 

are seeing female and minority lead-

ership decline at a steep rate in a very 

short amount of time.

I don’t think I was ever motivated to be 

an industry leader; I just wanted to build 

buildings and implement certain stan-

dards that did not exist yet in cannabis.

Ryan: It’s really exciting for me as a 

female CEO to see more and more 

women step up and take their careers 

into own hands. It was because of 

working for some not-so-great white, 

male bosses over the years that were 

always quite older than me, that I de-

cided to start my own company in the 

fi rst place. I really kind of had a thumb 

put down on me for far too long and 

my creativity and my ability to really 

soar had been stifl ed. I also endured 

a lot of sexual harassment over the 

years, unfortunately, when it was more 

acceptable and more common before 

the whole #MeToo movement began.

When it comes to racial equality, I’m 

really happy to see more social equity 

programs popping up, but there needs 

to be more. There are way too many peo-

ple of color that have been imprisoned 

because of simple cannabis charges. It 

is time for these people to be released 

from jail for using a plant that is extraor-

dinary for medicinal purposes and also 

for more social equity programs to be 

developed so that people of color can 

also have their shot at a seat at the table. 

How has cannabis science impacted 

you? How has it evolved over the years?

Braddock: Cannabis provides humani-

ty a platform to become a better race 

by improving our health care systems, 

supporting environmental awareness, 

and calling attention to social inequi-

ties that are blatantly and purposefully 

cruel. The science continues to improve 

on many levels, but it is also being held 

back by the politics of prohibition and 

our medical system’s “business as usu-

al” tactics to control medicinal plants 

and products that don’t fi t into current 

business models of paying for clinical 

trials to patent outcomes.  

Karcey: Cannabis science has impact-

ed every way I look at the plant, from 

the types of building materials we use, 

to the cultivars we select, to the extrac-

tion methodologies implemented in 

our buildings.

Cannabis science is currently the big-

gest buzz word in medicine today. I’ve 

personally witnessed many medical mira-

cles in humans and animals and I believe it 

is potentially the most effective medicine 

in the world for saving human and animal 

lives and improving overall quality of life 

for those suffering from medical issues.

Ryan: Cannabis science has complete-

ly changed my life; it’s changed how I 

look at medicine and it’s changed how 

I look at the world. With the discov-

eries that we’ve been able to make 

alongside Dr. Jewett, it has given me 

so much hope for the future. Not just 

my child but for children and adults all 

over the world. Now that we’re really 

starting to understand the mechanism 

of action with this plant and why it is 

that people are seeing these profound 

responses, we believe that through 

our science, we’re far enough ahead 

now that we’re going to be able to re-

ally start understanding what cannabi-

noids, as we’re able to bring more into 

the laboratory, are causing these pro-

found responses in the human body. 

Science has been made very diffi -

cult to do, unfortunately, because of 

the federal government. We are real-

ly struggling working towards getting 

a Schedule 1 license for research. It’s 

going to be a very lengthy process and 

in the interim, the only thing that we’re 

able to bring into the lab is Win55 (syn-

thetic cannabinoid) that is a recep-

tor agonist which works against the 

receptors like cannabinoids do and 

a CBD molecule because that is cov-

ered under the Farm Bill. But we need 

to be able to study a lot more of these 

molecules. We need to be able to look 

at all of the molecules in the plant. Un-

fortunately, the government is just re-

ally still standing in our way. However, 

the science is still moving forward and 

we’ve found workarounds for that. 

We are studying the blood of 

patients who consume cannabis and 

their immune function and now look-

ing at the synthetics, that is also help-

ing us to really wrap our head around 

what exactly is happening so that we 

can be more prepared for those other 

molecules once we bring them into the 

lab and knowing what to do with them. 

I have no doubt that within five years 

time we are going to see a profound 

shift in the way this plant is treated, 

understood, and looked at as a medicine 
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and I’m just really blessed and honored 

to have some part in that.

What roadblocks remain for women 

in your fi eld? What needs to happen 

to move things forward? What excites 

you most, and what scares you most 

about the future?

Braddock: The roadblocks for wom-

en, people of color, and any start up 

are primarily fi nancial. These sectors of 

the industry are signifi cantly challenged 

without banking and private equity’s ten-

dency to overwhelming fund men in busi-

ness. Without fi nancial support, organ-

izations that fi ght social inequities, craft 

businesses, trade organizations, and so 

forth, are challenged in effecting legisla-

tive action as well as competing with larg-

er well-funded companies that can afford 

to pay for shelving space, large marketing 

campaigns, multi-state locations, lobby-

ists, and who roll up small businesses to 

increase their perceived “value” in IPO’s. 

Our country does not support a small 

business model in general and if you are 

a woman or minority, you are challenged 

to the breaking point, but this industry 

does call out these inequities better than 

most and I am hopeful this industry will 

affect the cultural changes that will make 

the world a healthier and more political-

ly stable place.

Karcey: It’s true the cannabis space re-

mains male dominated; this is also true 

for construction. Knowing this, I chose 

both industry’s and combined them 

because it’s what I’m most passion-

ate about. I never cared that the sta-

tistics were stacked against me. I work 

with mostly men, which I enjoy. Road-

blocks will always be there, this is true 

for most industries. I’ve found that if you 

work hard and you’re great at what you 

do, people will respect you for who you 

are as a professional. However, breaking 

through to any level of respect in this in-

dustry takes many years of blood, sweat, 

tears, and tenacity.

The thing that excites me most about 

the cannabis industry is how fast it’s 

advancing medically.

The thing that scares me most is watch-

ing smaller operators with many years of 

valuable experience pushed out by big 

businesses that care more about money 

than the positive impact this plant has for 

our planet and its inhabitants.

Ryan: Luckily, I have been in a situation 

where I, as a female, haven’t endured a 

lot of roadblocks to date. However, I do 

believe there needs to be more mentor-

ship programs out there for women who 

aspire to become CEOs. I was already a 

CEO when I got into cannabis and had 

my own media agency that I’d been run-

ning for many years. I had that experi-

ence already locked in, but had I not had 

that experience, there really aren’t many 

programs I could have jumped right into 

to get help to train me to become the en-

trepreneur that my dreams may have set 

me up to be. 

What most excites me about this indus-

try is how fast it’s moving and how pas-

sionate people are becoming about this 

plant. I’ve met so many people who have 

heard me speak or have read our story 

that quit their career path and decide to 

move into the cannabis space because 

they believed this to be such a profoundly 

important movement to contribute to. 

What scares me the most is the politics 

around this plant. What has happened in 

California has devastated our industry. 

We’re still suffering and struggling to get 

our brand back to where it was before 

recreational legalization. It has become 

so difficult and expensive to operate that 

many of the businesses have died. There 

are also stats out saying that by 2024, that 

from the cannabis industry in California, 

$8.4 billion will be credited to the under-

ground market while only $3 billion will 

be accredited to the legal market. 

I’m really hoping that the federal gov-

ernment gets it together and completely 

deschedules this plant, so that we’ll have 

better access, fewer laws, and definitely 

much lower taxation. 
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In Situ Fluorescence Spectroscopy for In-
Line Distillation Process Monitoring

Currently, cannabis distillation requires specialized personnel, which raises costs and lowers yields. 
Furthermore, process monitoring is dependent on indirect controls, such as temperature, fl ow, and color. 
Here, fl uorescence spectroscopy was investigated as an in-line process monitoring tool for cannabis 
distillation to alleviate these challenges. First, excitation emission matrix spectroscopy (EEMS) was utilized 
to determine optimal excitation wavelengths for various stages of fractional distillation. Based on these 
results, a benchtop fl uorometer that could use various excitation wavelengths was developed. Samples 
of extract, distillate, and pure laboratory grade cannabidiol (CBD), cannabidiolic acid (CBDA), delta-8 
tetrahydrocannabinol (∆8-THC), and delta-9-tetrahydrocannabinol (∆9-THC) standards were measured 
with the benchtop system. The measurements from the extract and distillate samples exhibited several 
fl uorescence peaks. These measurements depended on the processing conditions and product quality of 
the tested samples. Measurements of the chemical standards exhibited similar fl uorescence to the extract 
and distillate samples. Finally, an in-line sensor was developed and installed on a short path distillation 
system (SPD). Measurement from the in-line sensor showed distinct differences between distillation 
fractions validating its capability as a cannabis distillation process monitoring tool.

Jonathan Kenneth Bunn, Christopher Jason Metting, and Hasso von Bredow

T
he rising commercial interest in cannabis extract and dis-

tillate is increasing the need for more rapid and precise 

extraction and distillation methods. This need is espe-

cially critical for more precise dosing of compounds derived 

from cannabis for medical applications. While many common 

distillation methods exist (short path distillation, wiped fi lm 

distillation, column separation, and so on) the techniques are 

highly technical and often can only be carried out by special-

ized personnel. This leads to lower production volumes and 

higher costs. To help reduce costs and increase purity of can-

nabis distillation, more precise and intuitive process control 

tools are needed. 

Historically, fl uorescence spectroscopy has been used for 

inline process control and quality control in several industries, 

including pharmaceuticals and food safety (1–8). Further-

more, studies on cannabinoids and their metabolites indicate 

that many of the compounds derived from cannabis will have 

unique spectroscopic properties, including fl uorescing under 

ultraviolet (UV) light and Raman signal (9–15). While some lit-

erature exists, very little work has been published on using 

these unique optical properties to provide a process control 

system that can help improve product safety and purity.

Distillations of cannabis extract are carried out at tempera-

tures reaching over 165 °C and under vacuum pressure. Vacu-

um distillation is utilized because desired cannabinoids chem-

ically degrade into undesired compounds at temperatures 

below their boiling point under atmospheric pressure. This 

degradation is either decelerated greatly or completely halt-

ed under vacuum pressure.

The required vacuum pressure and temperature make the 

process of selecting and adding an in-line sensor challenging. 

The sensor must be robust enough to function under harsh 

conditions without creating undue risk of vacuum leaks dur-

ing operation. This challenge is only exacerbated when con-

sidering a sensor that can be retrofi tted onto existing distil-

lation systems. Optical metrology methods are a promising 

approach for process control because they can probe pro-

cessed material through a sight-glass or glass tube posi-

tioned away from the heat source. Specifi cally, fl uorescence 

spectroscopy is a promising method to investigate the pres-

ence or absence of auto-fl uorescing compounds within the 

distillate throughout the process.

In this work, fl uorescence spectroscopy is investigated as a 

process monitoring technique for short path distillation (SPD).

Experimental

Excitation Emission Matrix Spectroscopy

A portable benchtop excitation emission matrix spectrome-

ter (EEMS) was developed to determine the optimal excita-

tion wavelength that could be used for monitoring fl uores-

cence during the distillation of cannabinoids. Figure 1 shows 

the EEMS system used to investigate the approach.

For the excitation components of the instrument, the EEMS 

system used a Lambda LS Xenon Arc Lamp (Sutter Instrument) 
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with a SPG-120-REV monochromator 

(Shimadzu). The sample holder was de-

signed for a 1 cm x 1 cm quartz optical 

vial and was printed with a 3D printer 

(Zortrex M200). A USB 2000+ ultravio-

let-visible (UV-vis) spectrometer (Ocean 

Optics) was set at a 90° angle with re-

spect to the monochromated light 

source to collect fl uorescence emission 

from the sample, and a STS-UV spec-

trometer (Ocean Optics) was placed di-

rectly across from the monochromat-

ed light source to measure the optical 

absorption of the sample.

For the measurements, 1 mL samples 

were collected from SPD of cannabi-

noids at three processing stages, col-

loquially referred to as heads, bodies, 

and tails. EEMS measurements were 

taken by fi rst setting the monochroma-

tor to a specifi c wavelength. The result-

ing spectrum was then measured for 

both the fl uorescence and absorption 

geometries. Next, the excitation wave-

length was incrementally increased by 

10  nm, and the process was repeated 

for excitation wavelengths from 300 nm 

to 800 nm.

Benchtop 

Fluorescence Spectrometer

After the EEMS system was used to 

determine the best wavelength for 

excitation, a benchtop fl uorometer 

system (Arometrix) was used to meas-

ure fl uorescence at a single excitation 

wavelength. Several confi gurations 

of the benchtop system were used 

to test the fl uorescence response. 

Light sources at 340 nm, 365 nm, and 

405  nm were used for the excitation 

wavelength and a spectrometer with 

a range from 340 nm to 780 nm was 

used as the detector. The device was 

enclosed in a housing that was dyed 

black to reduce any background fl uo-

rescence or refl ections from the pol-

ymer housing of the sensor. Further-

more, the enclosure was designed 

to ensure that stray light from exter-

nal sources did not enter the detec-

tor. Various optical edge fi lters were 

used in front of the detector to re-

duce the total excitation light inten-

sity from reaching the detector and 

maximize the measured signal from 

the fl uorescence.

The benchtop system was used 

to measure the fl uorescence re-

sponse of cannabis extract (Nor-

Cal Labs), distillate (NorCal 

Labs), and pure cannabinoids: ∆8-

tetrahydrocannabinol (∆8-THC), ∆9-

tetrahydrocannabinol (∆9-THC), and 

cannabidiol (CBD) (Cayman Chem-

ical) as well as cannabidiolic acid 

(CBDA) (Sigma-Aldrich). The extract 

samples were synthesized from ei-

ther hydrocarbon or ethanol extrac-

tion, and distillate samples were all 

synthesized via short path distilla-

tion. The extract and distillate sam-

ples that were tested in this work 

were not characterized with high 

performance liquid chromatogra-

phy (HPLC), but the exact composi-

tion of these samples is not needed 

Figure 2: Pictograph showing a simplifi ed SPD system with a simplifi ed version of the 
in-line fl uorescence sensor that was used. The inset to the right shows the cross-section 
of the sensor geometry as it was installed during this work.
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for the measurements performed in 

this study. These samples were test-

ed to broadly investigate the diver-

sity of the fl uorescence response 

from different quality extract and 

distillate samples and to investi-

gate any overall trends in these 

responses with respect to sam-

ple type. More rigorous studies on 

composition and fl uorescence will 

be the focus of future work. Stand-

ard samples were 1 mg/mL solution 

of ∆8-THC in methanol, 1 mg/mL so-

lution of ∆9-THC in methanol, 1 mg/

mL solution CBDA in acetonitrile, 

and a 10 mg/mL solution of CBD in 

methanol. 

For the extract and distillate, only 

the 365  nm excitation wavelength 

with no fi lter was investigated. The 

samples were diluted in ethanol 

at approximately 10:1 ratio of eth-

anol to product. The sample was 

then placed in a 1  cm x 1  cm poly-

styrene cuvette and the fl uorescence 

measured. 

For the HPLC standards, 2  mL ∆8-

THC solution, 2  mL ∆9-THC solution, 

1 mL CBDA solution, and 0.5 mL CBD 

solution were measured with the 

benchtop system. Three excitation 

wavelengths (340  nm, 365  nm, and 

405  nm) were studied with 370  nm, 

380  nm, 390  nm, and 420  nm edge 

fi lters (Edmond Scientifi c) as well as 

polycarbonate edge fi lters at thick-

ness of 1/16-in., 3/32-in., and 5/64-in. 

(McMaster-Carr).

In-Line Fluorescence Spectrometer

An in-line confi guration of the bench-

top fl uorometer was fabricated uti-

lizing the same components from 

the original system but with a new 

form factor. Figure 2 shows a sim-

plifi ed schematic of an SPD system 

along the location of the fl uorome-

ter. During the distillation, approxi-

mately 3 L of hydrocarbon-extracted 

crude was distilled. The crude materi-

al was winterized and decarboxylated 

prior to the distillation. The device 

was placed on the tube directly after 

the condenser and immediately prior 

to the collection fl ask. The spectrom-

eter detector was placed directly at 

the bottom of the tube and the light 

source was placed at a 90° angle from 

the spectrometer and aligned to the 

bottom of the tube. The alignment 

and relative placement of the light 

source to the spectrometer was de-

signed such that the sensor was able 

to detect fl uorescence at very low fi ll 

levels, which is a common case dur-

ing SPD.

For acquisition, measurements 

were taken every 0.5 s. During each 

measurement two separate spec-

tra were measured. The fi rst spec-

trum was taken with no excitation 

light. The second spectrum was tak-

en with excitation light. The spec-

trum taken without excitation light 

was used as a background to ac-

count for the signal from external 

light sources (overhead lighting, 

stray light, and so forth). The pro-

cess was monitored during a com-

plete SPD process.

Results and Discussion

Excitation Emission 

Matrix Spectroscopy

Figure 3 shows EEMS results from dif-

ferent fractions of an SPD process for 

the separation of ∆9-THC. The y-axis is 

the excitation wavelength used to in-

duce fl uorescence in the sample. The 

x-axis is the resulting emission spectra. 

Figures 3a and 3b show an EEMS spec-

tra of a sample that was collected dur-

ing the separation of high vapor pres-

sure compounds, colloquially referred 

to as “heads.” The heads typically com-

prise latent solvents and a mixture of 

terpenes and degraded terpenes. Fig-

ure 3c shows an EEMS spectra of a sam-

ple that was collected from the sep-

aration of moderate vapor pressure 

compounds. This sample was taken 

under conditions that are ideal for the 
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separation of cannabinoids, such as ∆9-

THC or CBD, and is colloquially referred 

to as the “main body” or the “bodies” 

of the distillation. Figure 3d shows an 

EEMS spectra of a sample that was col-

lected from the lowest vapor pressure 

compounds. This fraction, which gen-

erally consists of heavy waxes, paraffi ns, 

and colorants, is colloquially referred to 

as the “tails.” For the sake of clarity and 

brevity the samples from these meas-

urements will be referred to as the cor-

responding distillation fraction, that is, 

“heads”, “bodies”, and “tails,” that the 

sample was collected from.

The heads EEMS spectra in Figure 3a 

shows two general regimes with fl uo-

rescent response, denoted as R1 and R2 

in Figure 3. R1 appears between 350–

450  nm with an excitation wavelength 

between 340  nm and 390  nm. R2 oc-

curs between 450–540  nm with an ex-

citation wavelength between 330  nm 

and 480 nm. A closer inspection of R2 

shows that the region is made up of at 

least two separate fl uorescent respons-

es, as indicated by the multiple local 

maxima intensity value located in this 

region. These fl uorescence respons-

es are indicated with F1 and F2 in Fig-

ure 3b, with F1 centered at an excitation 

wavelength of 360–370 nm and a fl uo-

rescence wavelength of 470–490  nm 

and F2 centered at excitation source of 

420–430 nm with a response at 500 nm. 

The fl uorescence response in this sam-

ple was later identifi ed to be due to 

the presence of both residual tails in 

the SPD system from the previous dis-

tillation as well as the beginning of the 

bodies fraction. A more detailed dis-

cussion of this analysis will be given in 

the section titled “In-line Fluorescence 

Spectrometer.”

The bodies EEMS spectra in Figure 

3b shows that the shape and relative 

intensities of R1 and R2 between the 

heads and bodies samples were sig-

nifi cantly different. In the bodies, R1 

is induced by excitation wavelengths 

between 300 nm and 390 nm, extend-

ing 40 nm below R1 in the heads sam-

ple. Furthermore, the relative intensi-

ty of the entire R1 regime increased 

signifi cantly when compared to the 

heads sample. R2 in the bodies was 

signifi cantly contracted compared to 

R2 in the heads sample. Furthermore, 

F2 either does not exist in the bod-

ies or has such a low response as to 

make it unresolvable. In contrast, F1 

shows a much higher relative intensi-

ty in the bodies sample than the fl u-

orescence response in the heads 

sample. The changes in R1 and R2 be-

tween the heads and bodies samples 

refl ect a change in the chemicals that 

are eluting into the collection fl ask. 

This indicates that in-line fl uorescence 

Figure 4: Initial measurements on several extraction and distillation products provided 
from several different sources, processing methods, and starting materials.
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is a strong candidate for determining 

the transition between the heads and 

bodies of an SPD process.

The tails EEMS spectra in Figure 3d 

shows very stark differences in R1 and 

R2 when compared to the main body 

sample. The relative intensity of R1 in 

the tails sample is signifi cantly dimin-

ished compared to R1 in the bodies 

sample. Conversely, the relative fl uo-

rescence in R2 of the tails sample has a 

signifi cantly higher relative intensity in 

comparison to R2 of the bodies sam-

ple. This difference indicates that an 

in-line fl uorescence system could de-

tect the transition bodies and tails of 

an SPD process.

EEMS showed that fl uorescence 

could be used to distinguish the 

changes between the investigated 

distillation fractions and showed that 

a 340–400 nm excitation wavelength 

fl uorometer would be able to capture 

these transitions in-line. Based on this 

analysis, a fl uorometer that could use 

a 340 nm, 365 nm, or 405 nm excita-

tion wavelength was developed and 

the details of measurement results 

from this system are discussed in the 

next section.

Benchtop 

Fluorescence Spectrometer

Initial benchtop tests showed that the 

fl uorescence response from extract 

and distillate varied greatly between 

processors, methods, and starting ma-

terial. Figure 4 shows a selection of six 

samples from more than 15 different 

samples that were tested. The results 

from this study illustrate that while 

there is a great diversity between each 

samples response, the general signa-

tures seen from the EEMS measure-

ments are present.

Samples 5 and 6 show fl uorescence 

most similar to the bodies samples of 

the EEMS measurement, because of 

the presence of fl uorescence peaks 

centered at 420  nm and 470–480  nm, 

which corresponds to the R1 fl uores-

cence response and to the F1 fl uores-

cence response in R2 of the bodies 

EEMS spectra, respectively. Further-

more, the relative intensities of the two 

major fl uorescence responses in sam-

ples 5 and 6 are similar to the relative in-

tensities observed in the EEMS spectral 

responses of the bodies.

Samples 1, 2, and 4 show fl uorescence 

most similar to the EEMS tails response, 

because of the high fl uorescent peak 

centered around 480  nm, which corre-

sponds to the F1 fl uorescence response 

in R2 of the EEMS spectra of the tails. 

Furthermore, there is no observed fl u-

orescence peak at 420  nm, which cor-

responds to the lack of R1 fl uorescence 

observed in the EEMS measurement 

of the tails. Additionally, samples 1, 2, 

and 4 show a fl uorescence peak cen-

tered around 530 nm. The intensity of 

the peak was below the detection limit 

of the EEMS system, and therefore may 

have been present, but not detected, 

during the EEMS measurements.

Samples 3 and 4 exhibited chloro-

phyll fl uorescence at 660–680  nm (16). 

Sample 3 was a room temperature eth-

anol extract sample that did not un-

dergo post-processing. Therefore, the 

presence of the strong chlorophyll fl u-

orescence is expected in this sample. In 

comparison, no chlorophyll was detect-

ed in the SPD EEMS spectra because 

it was chemically removed from the 

feedstock prior to distillation. The re-

sults provided enough support for the 

approach to warrant a more in-depth 

study of the specifi c cannabinoid com-

ponents that could be the source of the 

fl uorescence signatures. Furthermore, 

determination of the measurement sen-

sitivity and detection limits were also 

considered, as these parameters would 

determine to what extent the fl uores-

cence approach could be utilized as a 

process control technique. The target-

ed chemical solution tests for ∆8-THC, 

∆9-THC, CBD, and CBDA were carried 

out on standards traditionally used for 

calibrating HPLC systems to ensure pu-

rity and traceability. The concentrations 

of all samples were relatively low com-

pared to those expected for monitor-

ing an in-line process. Figure 5 shows 

selected results from the experiments. 

For brevity, only experiments that elu-

cidated results of scientifi c interest are 

presented.

For the ∆9-THC standard sample 

measurement shown in Figure 5a, a 

Figure 5: Benchtop fl uorescence measurements of standard samples of (a) ∆9-THC, 
(b) ∆8-THC, (c) CBD, and (d) CBDA. A 365 nm excitation light and a 390 nm edge fi lter was 
used for the measurements shown in (a) and (b), a 340 nm excitation light and a 370 nm 
edge fi lter was used for the measurement shown in (c), and a 365 nm excitation wave-
length with a 1/16-in. polycarbonate fi lter was used for the measurement shown in (d).
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365  nm excitation wavelength and 

a 390  nm edge fi lter were used. This 

measurement shows a small fl uores-

cence response at 460 nm, which corre-

lates with the R1 regime from the EEMS 

data. Similar results were observed 

from a ∆9-THC HPLC standard from Sig-

ma Aldrich, which have been previous-

ly reported on (17). Even at the low con-

centrations of ∆9-THC in the standard 

sample, compared to concentrations 

expected during SPD, the bench-top 

fl uorometer was able to detect a fl uo-

rescence response.

For the ∆8-THC standard sample 

measurement shown in Figure 5b, a 

365  nm excitation wavelength and a 

390 nm edge fi lter were used. Similar to 

the ∆9-THC standard, the ∆8-THC stand-

ard sample exhibited fl uorescence cen-

tered at 460  nm. Additionally, the ∆8-

THC standard had a signifi cant amount 

of absorption of the 390–430 nm excita-

tion light. It should be noted that with-

in the resolution of the spectroscop-

ic measurements, ∆8-THC and ∆9-THC 

show very similar responses with re-

spect to peak position and shape. This 

indicates that the investigated fl uores-

cence measurement at the 365 nm ex-

citation wavelength may not be able 

to distinguish between ∆8-THC and ∆9-

THC in a sample, but instead can be 

used to detect the presence of total 

THC molecules. Furthermore, other ex-

citation wavelengths may produce dif-

ferent results.

For the CBD standard sample meas-

urement shown in Figure 5c, a 340 nm 

excitation wavelength and a 370  nm 

edge fi lter were used. The methanol 

spectra for this sample shows a peak 

at 375  nm. This is not a true fl uores-

cence peak, but instead an artifact of 

the interaction between the fi lter and 

the source light. The CBD standard 

sample exhibited one fl uorescence 

peak centered at 395 nm.

For the CBDA standard sample 

measurement shown in Figure 5d, a 

365  nm excitation wavelength and a 

1/16-in. polycarbonate fi lter was used. 

The fl uorescence response of the CBDA 

standard sample exhibited two fl uores-

cence peaks, one centered at 492 nm 

and the other centered at 524 nm. The 

CBDA fl uorescence was unique in that 

the sample showed a doublet, instead 

of a singlet, which was observed in the 

other standard samples.

The results from the standard sam-

ple measurements indicated that the 

fl uorescence responses agreed with 

the responses from both the EEMS 

and benchtop measurements, and fur-

ther indicated that in-line fl uorescence 

monitoring with a 365 nm wavelength 

excitation would detect major fraction-

al changes during SPD.

In-Line Fluorescence Spectrometer

Figure 6 shows results from in situ fl uo-

rescence measurements of an SPD pro-

cess for the separation of ∆9-THC. In 

Figure 6, the x-axis is the elapsed time 

in minutes, the y-axis is the wavelength 

of the spectrometer detector in nanom-

eters, and the color represents the nor-

malized intensity of the detected light. 

Each section of the process is marked 

with a vertical white line and labeled at 

the top as heads, bodies, and tails. 

The excitation wavelength is clear-

ly visible throughout the process 

at 365  nm wavelength. During the 

heads, very little fl uorescence is seen 

(25.02 min into the process) until a rap-

id spike in fl uorescence signal occurs at 

approximately 80 min into the process. 

This signal corresponds to the solvent 

from the new heads process dissolving 

the residual material that was left over 

from the tails of the previous run. 

During the bodies, faint fl uores-

cence signal can be seen to the right 

of the excitation source, centered be-

tween 420 nm and 450 nm, which cor-

responds with R1 of the EEMS results. 

The line plot at 240.03 min more clear-

ly shows the signal. Finally, a broad fl u-

orescence peak is seen in the tails. Fur-

thermore, the wavelength range where 

the fl uorescence is seen continuously 

changes to higher wavelengths as the 

tails are processed. 

The plot from 350.01  min clear-

ly shows a strong fl uorescence peak 

ranging from 450  nm to 525  nm with 

a long shallow signal from 525  nm to 

600  nm, which corresponds to F1 in 

the R2 region of the EEMS results. This 

“moving” peak could be a continuous 

decrease in the R1 fl uorescence in-

tensity coupled with a continuous in-

crease in the relative intensity of the 

F1 fl uorescence response. The convo-

lution of these two changes could lead 

Figure 6: In-line fl uorescence results from an SPD process of cannabis for the separation 
of ∆9-THC. (a) is a heatmap of all the fl uorescence measurements during the SPD process 
with the major distillation fractions labeled accordingly. In (a) the x-axis is the elapsed 
time of the SPD process, the y-axis is the wavelengths of the measured spectra, and the 
color is the intensity of the fl uorescence measurements. (b) Shows selected spectra from 
the SPD at selected times.
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to a “moving” peak phenomenon, but 

a more detailed investigation is need-

ed to validate this theory.

One noted result from these in-line 

measurements was that compounds 

from the heads fraction eluting from 

the column exhibited no detectable 

fl uorescence. This result appears to be 

in direct confl ict with the EEMS meas-

urement of the heads sample, which 

showed signifi cant amounts of fl uo-

rescence response. The reason for the 

fl uorescence response in the EEMS 

measurement of the heads was discov-

ered to be because of the presence of 

latent tails eluting from the column 

and the distiller letting a small amount 

of bodies to be collected at the end of 

the heads, both of which are common 

practices for SPD. The resulting mix-

ture of the latent tails and bodies also 

causes a mixed heads-bodies-tails fl u-

orescence in the EEMS measurement 

of the heads sample.

The in-line results indicated that in-

line fl uorescence can detect changes 

during SPD. The in-line fl uorescence 

measurements showed similar fl uores-

cence responses to R1 and F1 from the 

EEMS measurements and agreed with 

the EEMS measurements and bench-

top fl uorescence measurements of 

different sample from SPD. These re-

sults show that in-line fl uorescence is a 

strong monitoring and process control 

tool for the distillation of cannabis.

Conclusion

In this work, fl uorescence spectrosco-

py was investigated as a potential qual-

ity monitoring technique for the dis-

tillation of cannabinoids. First, EEMS 

was used to determine excitation and 

emission regions of interest that would 

make good candidates for a process 

control system. Based on the results, a 

small form factor benchtop fl uorometer 

was developed that could be used to 

measure various extract, distillate, and 

chemical standards. Finally, the bench-

top system was confi gured to mount to 

the collection side of an SPD condens-

er column and used to measure the fl u-

orescence signal during the distillation 

of cannabis. 

The EEMS results showed sever-

al unique fl uorescence signatures, 

which appeared at various times dur-

ing the distillation process, under UV 

excitation. The benchtop experiments 

showed that a single wavelength ex-

citation source with a spectrometer 

could be used to measure the same 

signal that was investigated during the 

EEMS measurements. Furthermore, 

studies of pure chemical standards in-

dicate that fl uorescence spectrosco-

py can induce fl uorescence at specifi c 

wavelengths depending on the specif-

ic cannabinoid. Finally, the in-situ meas-

urements showed the presence of the 

same peaks that were present dur-

ing the measurement of the chemical 

standards and provided a proof of con-

cept for the use of fl uorescence spec-

troscopy as a control system for canna-

bis distillation. 

Future work will include determina-

tion of the specifi c fl uorescing chemi-

cal constituents, improving the sensi-

tivity and accuracy of the in-situ system, 

extending the technique to include ex-

traction and wiped fi lm distillation sys-

tems, and integration of the technique 

into an SPD control system for automat-

ed process control.
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Avoiding Contamination in Cannabis 
Quality Control Sample Preparation

Sartorius Lab Instruments GmbH & Co. KG

Patient and consumer safety is a critical factor during manufacturing of your products. In addition, false test 
results in product quality testing can lead to unnecessary scrapping of batches and product recalls. Good 
pipetting practices using fi ltered and pure pipette tips help ensure contamination-free pipetting to prevent 

contamination during sample preparation, ensuring true test results and patient and consumer safety.

Preventing contamination is paramount to ensuring patient 

and consumer safety, the quality control of your products, 

and accurate results of your analytical testing. To prevent con-

tamination requires identifi cation of potential contaminant 

mechanisms so they can be addressed.

This paper discusses the three contamination types that 

originate from pipetting: pipette-to-sample, sample-to-pi-

pette, and sample-to-sample contamination.

Pipette-to-Sample Contamination

This type of contamination occurs when a contaminated pi-

pette or pipette tip contacts a sample.

In daily laboratory work, pipette-to-sample contamination 

can be avoided by following these simple guidelines:

• Clean and properly maintain your pipettes.

• Select a tip with the relevant purity class for your application.

• Use (sterilized) SafetySpace fi lter tips or tip-cone fi lters.

Pipette tips are available in multiple purity grades and are 

generally divided into three categories:

• no purity certifi cation

• certifi ed free of contaminants, like DNase, RNase, and 
endotoxins

• sterilized to be free of microbial life

Contaminants such as endotoxins are diffi cult to remove, so it 

is very important to prevent contamination during manufactur-

ing. To certify the absence of these contaminants, a third-par-

ty laboratory performs quality testing. Sterilization after manu-

facturing ensures that the tips are free of microbial life (bacteria, 

fungi, molds, and so on) when delivered to customers.

Pipette tips can also be a potential source of leachables—

trace amounts of chemicals originating from materials or pro-

cess equipment that can contaminate the samples. Examples 

of leachables include heavy metals, antioxidants, pigments, 

biocides, and surfactants. High-quality tips manufactured 

from 100% virgin polypropylene in a high-quality manufactur-

ing facility are free of leachables.

Sample-to-Pipette Contamination

This type of contamination occurs when the pipetted liquid or 

aerosol particles from it enter the pipette body. To minimize 

the risk of sample-to-pipette contamination, the following pre-

cautions are recommended:

• Always release the pipette’s 
push button slowly to pre-
vent aerosol formation and 
uncontrolled liquid splashing 
within the pipette tip.

• Hold the pipette in a verti-
cal position during pipet-
ting and store the pipette in 
an upright position. This pre-
vents liquids entering the pipette body.

• Use SafetySpace fi lter tips to prevent aerosol transfer from 
the sample into the pipette body.

Sample-to-Sample Contamination

Sample-to-sample contamination occurs when aerosol or liq-

uid residue from one sample is carried over to the next sample. 

This may happen, for example, when the same pipette tips are 

used multiple times. To avoid carry-over contamination: 

• Use SafetySpace fi lter tips to prevent aerosol transfer from 
the sample into the pipette body.

• Always change the pipette tip after each sample.

• If you suspect pipette contamination, autoclave or disinfect 
the pipette according to the manufacturer’s instructions.

Conclusions

Proper pipetting techniques and use of sterilized fi lter tips 

are key to avoiding the three major contamination types 

during sample preparation. Contamination-free pipetting 

ensures reliable results during microbiological, heavy met-

al, and chemical analysis.

Sartorius Lab Instruments 
GmbH & Co. KG

Otto-Brenner-Straße 20, 37079 
Goettingen, Germany

tel. +495513080, fax +495513083289

website: www.sartorius.comwebsite: www.sartorius.com

http://www.sartorius.com
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Using Gas Chromatography for Accurate 
Terpene Analysis in Cannabis

This article takes an in depth look at the process behind terpene analysis in medical marijuana. It assesses 
why terpene analysis is essential for quality control and safety standards within the industry. In the U.S., the 
Food and Drug Administration (FDA) is normally at the forefront of ensuring consumer safety, but they are 
effectively restricted from completing effective drug trials because the Drug Enforcement Administration’s 
(DEA) offi cial position means they cannot provide illegal substances for testing. As such, this article looks at 
the wider implications for the cannabis industry on the lack of standardized testing and legislation and how 
the onus is currently on laboratories and producers to self-test using gas chromatography. 

Andrew James

T
erpene analysis or fl avor profi ling is an often overlooked 

aspect of cannabis testing in both medicinal and recrea-

tional cannabis and yet it is an essential part of providing 

quality and safety assurance. Terpenes are found in more than 

2000 varieties of plant, fl ower, tree, and other vegetation, in-

cluding cannabis. There is growing evidence that the terpenes 

found in cannabis products play a role in the way tetrahydro-

cannabinol (THC) and cannabidiol (CBD) act on the endocan-

nabinoid system when consumed for medicinal purposes. This 

impacts the effectiveness of the product in delivering medici-

nal results such as pain relief.  

The “entourage effect” is an area of growing interest 

in cannabis analysis that is especially pertinent to grow-

ers, producers, and users who are interested in the ter-

pene qualities of a strain of plant. The theory states that 

cannabinoids and terpenes found in the cannabis plant 

work together to produce an effect markedly different 

from that of pure THC. This is how whole-plant medicine is 

different from pharmaceutical THC (1). 

Medicinal users may fi nd the entourage effect of cer-

tain terpene profi les benefi cial for their conditions, so ter-

pene profi les may help them identify more suitable prod-

ucts more effectively than simply looking at the THC:CBD 

ratio. This is important because studies into the entourage 

effect suggest that selective breeding of cannabis chemo-

types rich in ameliorative phytocannabinoid and terpenoid 

content can complement pharmacological applications. 

This, in turn, could have an impact on the current clinical ap-

plications of cannabis, with terpene analysis playing a lead-

ing role in this development (2). 
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For companies that buy-in plant ma-

terial or extracts, accurate terpene anal-

ysis allows for greater quality control of 

these incoming materials, giving con-

fi rmation that the plant material or ex-

tract has been harvested or dried cor-

rectly, or that it is from the specifi ed 

strain. Studies have found that the rel-

ative content of terpenoids is strongly 

inherited within a specifi c strain, while 

total yield per weight of tissue is de-

pendent on environmental factors (such 

as light and heat). This matters because 

the wide variety of terpene composi-

tion within different strains provides po-

tential insights into the characterization 

of cannabis biotypes. For growers, this 

warrants further research to evaluate 

the drug’s medicinal value (3).

For growers, terpene analysis plays 

a key role in the harvesting of specifi c 

strains of cannabis. As the plant grows, 

terpene levels change and monitoring 

this can be used to predict the opti-

mum time to harvest. Growers can also 

use terpene analysis for strain identifi -

cation and quality control. However, 

this raises challenges for the growing 

industry because outsourced analy-

sis can take weeks to provide a result, 

meaning the harvesting conditions 

will have long since changed. This can 

be combatted by bringing testing in-

house and using techniques such as 

gas chromatography (GC), which pro-

vides rapid and accurate results. 

Using GC for Terpene Analysis

Whilst cannabinoid analysis is com-

monly performed by both GC and high 

performance liquid chromatography 

(HPLC), the volatility of terpenes makes 

GC a much more suitable tool for the 

analysis. The ability to quickly and accu-

rately profi le both the cannabinoid and 

terpene compounds present with a sin-

gle instrument helps to inform growers, 

producers, and consumers, which, in 

turn, will bring further legitimacy to the 

industry through more stringent, stand-

ardized testing practices.

The traditional method for analyz-

ing terpenes is through gas chroma-

tography with a fl ame ionization de-

tector (GC-FID). In this method, the 

fi rst step is to prepare a solvent-

based extraction, usually by placing 

cannabis plant material in some form 

of liquid solvent (commonly meth-

anol or ethanol) to extract the com-

pounds of interest into the solvent. 

This extraction liquid is then inject-

ed into the gas chromatography ap-

paratus, where the cannabinoids and 

terpenes in the solvent extraction are 
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separated as they move through the 

gas chromatograph.

Finally, the separated compounds 

exit the column and reach the fl ame ion-

ization detector, where they are burnt 

over a hot hydrogen-air fl ame to pro-

duce organic ions. Electrodes present in 

the FID then measure the current from 

the ions which, when taken with the re-

tention time of the compound in the gas 

chromatograph, can be used to identify 

and quantify terpene analysis (4).

Terpene and Potency 

in a Single Analysis

For internal quality, carrying out a po-

tency and terpene test in a single anal-

ysis can save time and money. The con-

centration and profi le of the terpenes 

present provide information to guide 

users about the sort of fl avor character-

istics that can be expected from the can-

nabis when consumed. For example, a 

strain that shows high levels of limonene 

is likely to have a citrus lemony aroma or 

a high level of myrcene will give fl avors 

similar to beer (myrcene is also common-

ly found in hops). GC provides the op-

tion to carry out dual potency and ter-

pene analysis on a single sample.

In a potency and terpene analysis car-

ried out by Dutch fi rm, Shamanics, it was 

able to accurately analyze the different 

properties of a specifi c cannabis strain 

using GC in a single experiment. Fig-

ure 1 shows the concentration and pro-

fi le of the terpenes and cannabinoids in 

a sample used to establish cannabinoid 

potency, fl avor profi le, and strength.

Experimental Conditions

The GC was fi rst calibrated using a 

standard three component cannabi-

noid mix (Restek Cat.# 34014: Cannab-

inoids Standard [three components]) 

and a 19 component terpene mix (Rest-

ek Cat.# 34095: Medicinal Cannabis Ter-

penes Standard #1 [19 components]).  

First, 0.1 g of cannabis was added to 

30 mL of methanol at ambient, shaken 

for 30  s and left to extract for 30  min. 

An aliquot of the extractant liquid was 

collected through a syringe fi lter and 

placed in a sample vial for analysis. The 

analysis was performed using a 200 Se-

ries GC with an FID (Ellutia) and a 30 m 

0.25 x 0.25 EL-5 column. The results 

show that this sample has 601.226 μg/L 

of THC which represents a total THC 

content of 18%. (Table I).

Figure 2 shows high levels of THC that 

were detected in the experiment indi-

cating this sample would have more of 

a psychoactive effect if consumed. The 

results show the ratios of THC and CBD, 

providing information about the poten-

cy of the product.

Figure 3 shows the concentration 

and profi le of the terpenes present in 

this sample as measured using the GC. 

The researchers are now able to use 

this information to determine the fl avor 

profi le of this strand. This allows them 

to properly label the product and pro-

vide users with a guide about the sort 

of fl avor characteristics that can be 

Figure 2: Cannabinoid detail from chromatogram.
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Figure 1: Chromatogram showing the terpenes and cannabinoids in a single run.
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expected from the cannabis when con-

sumed (Figure 3).

The Future of Terpene Analysis

Understanding which terpenes are pre-

sent in a particular strain of cannabis is 

essential for understanding and accu-

rately prescribing medicinal cannabis 

to provide safe and effective medicinal 

products to patients. GC testing al-

lows companies to effectively carry out 

terpene and potency testing, giving 

a greater understanding of the prop-

erties and quality of a particular strain. 

Consumers are also becoming more 

informed about the different strains of 

cannabis available and the entourage 

effect’s impact on the effectiveness of 

treatment as well as fl avor profi les for 

recreational users, creating greater de-

mand for this information to be available.

While the technology exists for ac-

curate testing to take place, the onus 

of quality assurance falls on the grower, 

manufacturer, and often the customer. 

It is clear that the demand for cannabis 

testing will continue to grow as further 

legislative changes occur globally. Ter-

pene analysis covers just a small part of 

the range of testing needed to ensure 

medicinal cannabis products are safe 

and of high quality. Until proper legisla-

tion is in place that is monitored and en-

forced, the potential for inconsistency in 

the accuracy of testing and labelling of 

cannabis for medicinal use will continue.
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Figure 3: Terpene detail from chromatogram.
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Table I: GC conditions

Injector temperature 270 °C

Detector type FID

Detector temperature 280 °C

Carrier gas type Hydrogen

Detector range x10

Carrier fl ow 1.5 mL/min

Split fl ow 70 mL/min

Injection volume 1 μL

Stabilization time 0.5 min

Column type EL-5 30 m x 0.25 mm i.d. x 0.25 μm fi lm thickness

Initial temperature 100 °C

Hold 5 min

Ramp 1 20 °C/min

Temperature 1 200 °C

Ramp 2 10 °C/min

Temperature 2 270 °C

Total run time 17 min
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Quality Control in the World of Cannabis

The cannabis industry is an emerging fi eld with many unknowns. With unknowns comes uncertainty, 
and in a world where cannabis is attempting to break the negative stigmatism which it has been given, 
that uncertainty can be dangerous. Cannabis, whether for medicinal or recreational use, has testing 
requirements that it must meet, however, until recently most states have not required quality control 
to support independent laboratory testing results. Strict quality control requirements should have 
been mandated in all legal markets years ago, being that it is essential for validating testing results. 
Laboratories who are responsible for testing cannabis, no matter the matrix, should be required to run 
quality control to show that their results are reproducible, reliable, and defensible. This article covers 
the importance of quality control, how to implement it, and what cannabis cultivators, processors, 
retailers, and consumers should look for on laboratory reports and certifi cates of analysis.

Jini L. Curry, Christian Beauchemin, and George Fernandez

Q
uality control practices should be the backbone of 

any analytical laboratory. However, because canna-

bis testing is still considered a relatively new analyt-

ical service, many inexperienced laboratories who do not im-

plement quality control practices still exist. This will change as 

the industry matures and as more rules regarding quality con-

trol continue to be implemented. The environmental industry 

provides an excellent example of how analytical laboratories 

should implement quality control practices and what require-

ments are expected. In some states such as New York, Texas, 

and Florida, the National Environmental Laboratory Accred-

itation (NELAC) Institute (TNI) has a set of rules and stand-

ards which laboratories must abide by; these rules are laid 

out in “TNI Standard – Environmental Laboratory Sector” (1). 

Many of the requirements outlined in the TNI document are 

adapted from the widely known International Organization for 

Standardization and the International Electrotechnical Com-

mission (ISO/IEC) 17025 standard (2). Both of these standards 

outline the requirements for developing and implementing a 

quality system.

With the rapid increase in the number of states legalizing 

either medicinal or recreational cannabis, steps need to be 

taken to ensure that the laboratories analyzing cannabis prod-

ucts are producing reliable data. Before laboratories start 

processing samples, they should develop a quality system 

that ensures they are qualifi ed to be performing the analyti-

cal analyses which they are reporting results for. The minimum 

requirement for certifi cation among cannabis laboratories 
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should be ISO/IEC 17025:2017. This 

standard provides thorough and con-

cise rules and regulations for analyti-

cal laboratories. Before creating stand-

ard operating procedures, validating 

methodologies, and performing anal-

yses, laboratories should fi rst develop 

an ISO/IEC approved quality system. 

This will ensure that any practices devel-

oped from that point on will have a sol-

id foundation to be built from.

Building a quality system requires 

a signifi cant amount of time and ef-

fort. A great amount of forethought 

must be considered when developing 

this system because it will be the ba-

sis of all procedures that are carried 

out through the laboratory. Per ISO/IEC 

17025:2017, a “laboratory shall establish, 

document, implement, and maintain a 

management system that is capable of 

supporting and demonstrating consist-

ent achievement of the requirements of 

this document and assuring the quali-

ty of laboratory results” (2). A cannabis 

laboratory should develop their qual-

ity systems based on the information 

required by Option A within the docu-

ment, which includes “addressing at a 

minimum: management system docu-

mentation; control of management sys-

tem documents; control of records; ac-

tions to address risk and opportunities; 

improvement; corrective actions; inter-

nal audits; and management reviews.” 

By doing this, the laboratory will be able 

to show competence in their abilities to 

perform analyses that are developed 

under this system. By creating a stand-

ard across the board that all analyti-

cal cannabis laboratories should follow, 

such as ISO/IEC 17025:2017, the industry 

will be able to take steps towards stand-

ardizing the results that are obtained 

from laboratory to laboratory.

 Once a quality system has been es-

tablished, quality control requirements 

and guidelines can be outlined within 

the system. ISO/IEC 17025:2017 “Sec-

tion 7.2 – Selection, Verifi cation and Val-

idation of Methods” outlines the re-

quirements that laboratories should 

follow when developing or implement-

ing any analytical method. Current-

ly, there are no standard methodolo-

gies that all cannabis laboratories must 

follow when processing samples, and 

though this is a bigger issue that also 

needs to be resolved, one way to limit 

variability in data across laboratories is 

to require that these standards are fol-

lowed. By doing this, method valida-

tion for the analyses being performed 
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by the laboratory will become a re-

quirement. After methodology is prop-

erly validated and a standard operating 

procedure has been established, the 

laboratory should then begin process-

ing samples for that analysis.

 At this point, the laboratory should 

implement standard quality control 

with each sample batch that is pro-

cessed. This quality control validates 

the results and shows that the laborato-

ry is able to perform the analyses with 

accuracy and precision. Currently, there 

is no set quality control required for an-

alytical cannabis laboratories across the 

board. However, some states are im-

plementing guidelines that outline re-

quirements for quality control. Florida, 

for example, has included Standards 

for Marijuana Testing Laboratories as 

part of the draft for “Rule 64-4.0XX” 

which will fall under “64-4.016 – Marijua-

na Testing Laboratories” (3,4). This rule 

outlines all of the quality control that 

must be included with each batch of 

processed samples. The basis of quality 

control falls on the fact that the “quality 

control samples shall be analyzed in the 

same manner as test samples for valida-

tion purposes.” This rule ensures that 

the samples and the quality control are 

treated the same and taken through the 

entire process from start to fi nish. Cur-

rently, the draft rule for Florida states 

that all batches analyzed should include 

a method blank, laboratory fortifi ed 

blank, matrix spike, laboratory fortifi ed 

blank duplicate, and a matrix spike du-

plicate. Though the requirements may 

change before a fi nal rule is issued, it is 

a starting point for ensuring the validi-

ty of data being produced by cannabis 

testing laboratories within the state.

All states that have legalized canna-

bis for medicinal or recreational pur-

poses should implement rules which re-

quire quality control to be processed by 

any laboratory analyzing cannabis ma-

terial or products. These rules should 

specifi cally outline what quality con-

trol is required but should also outline 

the acceptable ranges of recovery and 

relative percent differences that are al-

lowed between samples. This alone 

will help decrease the variability in re-

sults among laboratories because all 

of the steps mentioned previously—in-

cluding the development of a quality 

system, method validation, and imple-

mentation of standard operating pro-

cedures—will all precede the proper 

execution of batch quality control.

Each method used to quantify a set 

group of analytes (such as cannabi-

noids, terpenes, residual solvents, and 

so forth) have their limitations. These 

limitations can be unique to the analyte 

being tested because of their individual 

chemical structure and their varying in-

teractions. In the environmental indus-

try, the U.S. Environmental Protection 

Agency (EPA) outlines the recovery limi-

tations for analytes within each method. 

For volatile organic compounds, EPA 

Method 8260B (5), the acceptable rang-

es vary between analytes. For example, 

in this method, acetone is considered a 

poor purging compound and therefore 

the recovery limits are not as stringent 

for it as they are for others. The same 

concept should be applied to the can-

nabis industry, however, there is cur-

rently not a suffi cient amount of data 

available to determine what these re-

covery limits should be. To successful-

ly determine what the values of recov-

ery for analytes should be, studies need 

to be performed across many laborato-

ries. Once this occurs, the data can be 

analyzed, and average percent recover-

ies and relative percent differences can 

be established.

Quality control is a major part of the 

batch processing and this data should 

be made readily available to clients. 

Full analytical reports should include 

the results of any quality control that 

was analyzed, along with the accepta-

ble ranges of recovery, and relative per-

cent differences between results. This 

will allow the client to have an addition-

al sense of comfort in knowing that the 

results they have been given are repro-

ducible, reliable, and defensible. Per 

ISO/IEC standards, any quality control 

results that fall outside of the accept-

ance criteria should be qualifi ed as such 

and the client should be notifi ed of the 

issue. These results can be included 

in a case narrative at the beginning of 

the report. By addressing the issues up 

front, the client is able to determine if 

they trust the results obtained by the 

laboratory or if they would like the sam-

ple to be reprocessed.

Transparency in the laboratory is cru-

cial to legitimizing this industry. Labo-

ratories need to be willing to commu-

nicate openly with their clients about 

issues that may arise and should not at-

tempt to hide any results that are unfa-

vorable. In the past, there have been sev-

eral cases of laboratories falsifying data 

by either reporting out infl ated potency 

results or inaccurately passing samples 

that contain dangerous contaminants. 

Requiring quality control with each lab-

oratory batch, however, can help elimi-

nate some of these issues. If laborato-

ries are required to show evidence that 

they were able to spike a client sample 

with a known concentration of cannab-

inoids and recover the proper values, 

then there is supporting evidence to 

show that the laboratory is properly an-

alyzing the sample for its true potency.

Most of the quality control that 

should be included with a full analytical 

report is diffi cult for the layman to com-

prehend and may require extensive ex-

planation. For this reason, it is also im-

portant that analytical laboratories 

create user friendly certifi cates of anal-

ysis that allow all individuals to under-

stand the results being portrayed. If a 

laboratory is performing quality control 

it is helpful to include a notation about 

this on the certifi cate of analysis for con-

sumers, but there is no need to include 

this information. However, if anyone re-

quests proof of quality control, the lab-

oratory should be able to immediately 

produce the data.
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Conclusion

Cannabis is currently undergoing a nor-

malizing process. Regardless of its cur-

rent status as a schedule 1 substance 

and decades of misinformation, public 

support and cultural acceptance con-

tinue to increase signifi cantly. One of 

the main reasons for this positive shift 

is that claims such as cannabis being a 

more effective medicine, or a safer rec-

reational drug, are now supported by a 

suffi cient amount of scientifi c data. How-

ever, to further increase social accept-

ance and rebut negative stigmas, more 

data will be required, and the quality of 

that data will have a signifi cant impact 

on what turn the industry takes next. Pro-

cesses that confi rm products are consist-

ent with the specifi cations included on 

the package labels need to be imple-

mented. Several cannabis producers are 

simply including the laboratory results 

without scrutinizing the data. It should 

be the responsibility of the laborato-

ry and the cannabis producer, in con-

junction, to ensure that the data is accu-

rate before taking a product to market. 

To truly legitimize an industry that many 

have referred to as the “Wild West,” 

steps must be taken from the begin-

ning to ensure that every product sold is 

in fact safe for consumption. This begins 

with the laboratory, as they are the enti-

ty responsible for ensuring that the ana-

lytical data is reliable, defensible, and re-

producible, which can be accomplished 

through a strict quality control program.
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Up in Smoke: The Naked Truth 
for LC–MS/MS and GC–MS/MS 

Technologies for the Analysis of Certain 
Pesticides in Cannabis Flower

In U.S. states, Canada, and other countries where medicinal or adult recreational cannabis has been 
legalized, regulatory entities require a panel of chemical and biological tests to assure quality and 
safety of the products prior to retail sales. Of the required assays, residual pesticide identifi cation 
and quantifi cation is arguably the most challenging. The reason for this is the complexity of the 
cannabis genome that synthesizes phytocannabinoids, terpenes, polyphenols, lipids, and a host of 
other endogenous chemicals. It is not unusual for today’s selectively bred and cloned cannabis to 
contain 20–30% ∆9-tetrahydrocannabinol (THC) and other cannabinoids such as cannabidiol (CBD), 
and 1–3% terpenoids by dry weight. These chemicals alone constitute hundreds of milligrams 
per gram of sample. In contrast, residual pesticides are typically measured in the 10–1000  ng/g 
(ppb) range. Pesticide analysis in this matrix requires tandem quadrupole mass spectrometry (MS/
MS) because of its mitigation of chemical noise through MS/MS processes. Notwithstanding the 
power of MS/MS, there are many cases where isobaric interferences effect quantitative results and 
therefore selectivity becomes as important as sensitivity. In this study, we used liquid chromatography 
and gas chromatography quadrupole time-of-fl ight mass spectrometry (LC-qTOF and GC-qTOF, 
respectively), and gas chromatography tandem mass spectrometry (GC–MS/MS) to evaluate the 
selectivity of a model pesticide commonly found in regulatory target lists. The LC-qTOF system 
used negative ion-atmospheric pressure chemical ionization (NI-APCI), and the GC–MS systems 
used electron ionization (EI). Through this work, we demonstrated that the GC–MS precursor ion and 
product ion pairs are highly specifi c derivatives of the parent molecule while the NI-APCI precursor 
ion is a nonspecifi c chemical species created in situ through a complex ionization mechanism. In this 
latter case, all precursor ion and product ion pairs are not selective for the intact analyte molecule. 

Matthew Curtis, Eric Fausett, Wendi A. Hale, Ron Honnold, Jessica Westland, 

Peter J. Stone, Jeffery S. Hollis, and Anthony Macherone

T
he legalization of medicinal and recreational mari-

juana in some U.S. states has resulted in legislation 

mandating safety and quality testing prior to retail 

sale. These regulations include analytical chemistry and 

biological assays to identify and quantify cannabinoids 

such as tetrahydrocannabinol (THC), residual pesticides, 

mycotoxins, heavy metals, residual manufacturing sol-

vents, terpenes, and microbial contaminates. In the U.S., 

marijuana (as defi ned by a Cannabis spp. THC concen-

tration >0.3% [dry wt/wt]) remains an illegal, Schedule I 

narcotic at the federal level. Therefore, there is no fed-

eral guidance for proper safety testing of the consum-

er products, and this has resulted in each U.S. state de-

fi ning unique chemical target lists and action levels. This 

is not the case in Canada where the federal govern-

ment has defi ned the action levels for a target list of 96 

pesticides. 

In the U.S., the lack of interstate harmony has created 

many challenges for cannabis testing laboratories. Most 

conspicuously are the various state residual pesticide lists 

that can range from a couple dozen with relatively high ac-

tion levels to more than 60 with relatively low action levels. 

The Venn diagram in Figure 1 illustrates the varied nature 

of four U.S. state pesticide lists. 

Further complicating the issue is the inclusion of pes-

ticides not amenable to electrospray ionization (ESI): the 

most common liquid chromatography–tandem mass spec-

trometry (LC–MS/MS) ionization source for this analysis. For 
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example, Canada, California, Nevada, 

Pennsylvania, Florida, and other U.S. 

states have included pentachloroni-

trobenzen (PCNB), captan, cis/trans-

chlordane, chlorfenapyr, or methyl 

parathion in their respective target 

lists. These compounds are known 

“bad actors” when analyzed via LC–

MS/MS using ESI. To overcome this 

issue for compounds like PCNB, the 

relevant literature space has pro-

posed using negative ion-atmospher-

ic pressure chemical ionization (NI-

APCI) LC–MS/MS. For example, the 

analysis of PCNB using NI-APCI LC–

MS/MS has been shown elsewhere 

with a precursor ion of 275.5 m/z and 

a mechanism of ionization reported 

as the loss of HCl followed by forma-

tion of an ammonium ion adduct (1). 

There are two intrinsic problems with 

this description: First, the empirical 

formula for PCNB is C6Cl5NO2 thus 

there is no hydrogen atom to lose as 

H-Cl, and second the formation of a 

positively charged ammonium ion 

in negative ionization mode is high-

ly unlikely. Even if it were correct, the 

above description defeats a primary 

function of soft ionization: the forma-

tion of a specifi c ion representing the 

intact molecule. Please note, these 

authors do not debate the presence 

of a detectable MS/MS transition for 

PCNB in NI-APCI LC–MS/MS, but the 

lack of specifi city and nonlinear re-

sponse that has been shown in the 

literature are problematic for the ac-

curate, precise, and robust identifi -

cation and quantifi cation of PCNB in 

complex cannabis matrices.

Materials and Methods

Chemicals and Standards

PCNB and high purity acetonitrile 

were obtained from Sigma. Ground 

cannabis flower was obtained from 

the University of Mississippi Mari-

juana Project with permission from 

the U.S. Drug Enforcement Admin-

istration (DEA).  

Figure 1: The varied nature of state pesticide lists. These four states have only fi ve pes-
ticides in common.

Figure 2: Sample preparation of PCNB in cannabis matrix.

Reaction Scheme 1: Electron capture ionization of oxygen results in a superoxide ion 
which reacts with neutral PCNB to form a highly transient (C6Cl5NO4)

- intermediate. This 
is followed by dissociative electron capture that yields the C6Cl4NO3

- ion (see reference 3).
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Analysis

Agilent 1290/6545 LC-QTOF, 7890/7250 

GC-QTOF, and 7890/7010 GC–MS/

MS systems were used for all analyses. 

Both QTOF systems were operated in 

high-resolution-accurate mass (HRAM) 

mode for MS and MS/MS experiments. 

Instrument Confi gurations

The LC-QTOF system was confi g-

ured with an APCI source in nega-

tive ionization mode, and a 3.0  mm 

x 100  mm, 2.7  μm semiporous parti-

cle size phenylhexyl column. The mo-

bile phases were: A) 2  mM ammoni-

um formate and 0.1% formic acid (v/v) 

in LC–MS grade water and B) 2  mM 

ammonium formate and 0.1% formic 

acid (v/v) in LC–MS grade methanol. 

The GC-QTOF was confi gured with a 

split–splitless inlet, a 30  m DB-35MS 

UI column, and helium carrier gas. The 

GC–MS/MS system was confi gured 

with a multimode inlet (MMI) operated 

in cold splitless mode, two HP-5MS UI 

columns connected through a purged 

union, and helium carrier gas. Both GC 

mass spectrometers were operated in 

electron ionization (EI) mode at 70 eV. 

Sample Preparation

For the LC-QTOF and GC-QTOF ex-

periments, 1 μg/mL PCNB in acetoni-

trile was injected into the systems, and 

both MS and MS/MS data were col-

lected. For the GC–MS/MS experi-

ments, dry cannabis fl ower containing 

20–30% THC by dry weight was spiked 

at fi ve calibration levels over the range 

of 8–120 ppb in vial (200 ppb [0.2 μg/g] 

to 6250 ppb [6.25 μg/g] in matrix). Ex-

tracts were prepared by solid-phase 

extraction (SampliQ C18 EC SPE Car-

tridge, Agilent) with acetonitrile to a fi -

nal dilution factor of 25:1. The extrac-

tion process is given in Figure 2. 

Results and Discussion

NI-APCI LC-QTOF

The ionization mechanisms of NI-AP-

CI are (2):

Reaction Scheme 2: Primary and secondary ionization pathways.

Reaction Scheme 3: NI-APCI HRAM CID products from precursor ions 273.8 m/z and 
262.8 m/z. 

Table I: HRAM MS ion fragment ion cascade

MS Ion 

Species

Measured 

m/z
Theoretical 

m/z
Delta 

(ppm)
Comments

C6Cl5NO2
+ 292.8366 292.8366 0.06

C6Cl5N+ 260.8399 260.8468 26.41 Poor ion statistics

C6Cl5
+ 246.8437 246.8437 0.00

M+2 isotope is MRM 
precursor ion

C6Cl5
+ 234.8437 246.8437 0.06

M+2 isotope is MRM 
precursor ion

C6Cl4
+ 211.8749 211.8749 -1.18

M+2 isotope is MRM 
precursor ion

C6Cl3
+ 176.9060 176.9060 -0.09

C6Cl2
+ 141.9371 141.9372 0.40
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1. Electron capture: M + e- A M•-

2. Dissociative electron 

capture: M + e- A F1
- + F2•

3. Proton abstraction: 

M + OH- 
A (M-H)- + H2O

4. Anion adduction: M + A- A MA-

Chlorinated nitrobenzene com-

pounds like PCNB have been shown 

to form phenoxide ions under nega-

tive atmospheric pressure ionization 

conditions (3). Therein, the predomi-

nant ionization mechanism for the for-

mation of (M – Cl + O)- was described 

as electron capture of O2 to form 

superoxide O2
- followed by an in-situ 

reaction with the neutral molecule and 

dissociative electron capture to form 

the ionized species. The general reac-

tion scheme was proposed as: 

O2
- + M A (MO2)

- A (M – Cl + O)- + OCl•

More specifi cally, for PCNB this is il-

lustrated in Reaction Scheme 1.

A secondary ionization mechanism 

is also observed that forms penta-

chlorobenzyl phenoxide. The puta-

tive secondary ionization mechanism 

is: Reaction scheme 1 followed by dis-

sociative electron capture (NO2
-) and 

anion adduction (Cl-). This is illustrat-

ed in Reaction Scheme 2.

Although the molecular species 

formed in Reaction Scheme 1 can oc-

cur at both the ortho and the para po-

sitions of PCNB, Reaction Scheme 3 

suggests the ortho position is fa-

vored based on the collision-induced 

dissociation (CID) species formed 

through the MS/MS processes.

GC-QTOF HRAM MS and MS/MS

The GC-QTOF HRAM MS spectrum 

and isotopic fi delity of the PCNB ion 

[C6Cl5NO2]
+ are given in Figure 3. The 

mass accuracy was within 0.06 ppm and 

isotope abundance and spacing was 

well correlated with the theoretical pre-

diction. Table I illustrates the primary 

Figure 3: (a): GC-QTOF EI HRAM MS spectrum of PCNB. The mass accuracy of the 
C6Cl5NO2

+ ion was 0.06 ppm. (b): PCNB isotopic fi delity for the C6Cl5NO2
+ ion. The red 

trace is the Gaussian prediction and the inset blue bars are the centroid ion data col-
lected on the GC-QTOF system.

(a)

(b)

Figure 4: Zoomed GC-QTOF EI HRAM MS spectra illustrating each ion species and measured mass along the MS fragmentation cas-
cade.
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MS fragmentation cascade. Each ion 

species was identifi ed by HRAM MS 

and the measured mass accuracy was 

less than 1.2  ppm for all ion species 

except for C6Cl5N
+. This ion fragment, 

which represents the loss of O2, yielded 

a relative ion abundance of <100 counts. 

Therefore, the ion statistics were not 

enough for good mass accuracy under 

the given data acquisition parameters. 

GC–MS/MS

Table I identifi es the precursor ion 

species used for GC–MS/MS MRM 

data acquisition. Figure 4 illustrates 

the ion species of the primary ion 

fragments. In Figure 5, the EI HRAM 

MS/MS spectra are shown for three 

precursor ions. Figure 6 illustrates the 

GC–MS/MS multiple-reaction mon-

itoring (MRM) chromatogram for the 

PCNB quantifi er and qualifying ions 

at 8  ppb in 20–30% cannabis fl ow-

er extract matrix, and the linear cali-

bration curve over the range of 8 ppb 

through 250  ppb in vial. Table II de-

fi nes the MRM transitions used for 

the GC–MS/MS work and Table III il-

lustrates the summary statistics over 

the same calibration range.  

Conclusion 

This work illustrates that NI-APCI LC–

MS/MS uses nonspecifi c precursor ion 

and product ion pairs (MRM). Moreo-

ver, according to reference 1, a four-

point quadratic calibration curve 

yields a regression coeffi cient (r2) <0.97 

which is not permissible under Califor-

nia statute that requires a quadrat-

ic calibration curve to have at least six 

calibration levels with r2 >0.99. 

(Continued on page 70)

Figure 5: GC-QTOF EI HRAM MS/MS spectra. The table defi nes the precursor ion and 
product ion pairs, the ion species, the collision energies, and the quantitative and qualita-
tive MRM transitions used in the GC–MS/MS method. 

Figure 6: MRM chromatograms for PCNB at 8 ppb in dry cannabis fl ower matrix and 
linear calibration curve over the range 8–120 ppb in the same matrix. The r2 fi t is >0.999.

Table II: Precursor and product ion pairs (MRM), ion species, and collision energies for 
the quantitative and qualitative GC–MS/MS MRM transitions

Precursor 

Ion (Nominal 

m/z)

Ion Species

Product Ion 

(Nominal 

m/z)

Ion Species
Collision 

Energy
Comment

248.7
M+2 isotope 

of C6Cl5
+ 213.9

M+2 isotope 
of C6Cl4

+ 35 Quant ion

248.7
M+2 isotope 

of C6Cl5
+ 141.9 C6Cl2

+ 35 Qual ion

248.7
M+2 isotope 

of C6Cl5
+ 144.0

M+2 isotope 
of C6Cl2

+ 35 Qual ion

213.7
M+2 isotope 

of C6Cl4
+ 178.9

M+2 isotope 
of C6Cl3

+ 20 Qual ion

236.8
M+2 isotope 

of C5Cl5
+ 143.0

M+2 isotope 
of C3Cl3

+ 40 Qual ion

Table III: Summary statistics for three replicate injections at each calibrator level for PCNB over the calibration range of 8 ppb through 
250 ppb in dry cannabis fl ower matrix

Compound CA Category CA LOQ 

(ppb)

Empirical 

LOQ in 

Vial (ppb)

Empirical 

LOQ in 

Matrix (ppb)

Empirical 

LOD in 

Vial (ppb)

Empirical 

LOD in 

Matrix (ppb)

%RSD R2

PNCB II 100 0.2 4 0.1 1.3 0.47 >0.999
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November 3–5, 2019

The Inaugural Florida 

Industrial Hemp Conference 

& Exhibition (FIHCE 2019)

Orlando, FL

https://fl oridahempconference.org

November 4–8, 2019

The Malta A.I. and Blockchain 

& Medical Cannabis Summit

Malta

https://e.sparxo.com/

cryptonite-malta-summits

November 13–14, 2019

Canna-Pharma 2019

San Diego, CA

http://www.pharmaedresources.com

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/

January 9–11, 2020

Lift & Co. Cannabis Business 

Conference & Expo 

Vancouver, Canada

https://liftexpo.ca/vancouver20/

January 10–11, 2020

CannaCon Northwest 

Tacoma, WA

https://cannacon.org/northwest/

northwest-cannacon/

January 29–30, 2020

HEMP & CBD CONNEX Conference  

Portland, OR

https://ccc-con.com/

February 7–9, 2020

Hawaii Cannabis Expo  

Honolulu, HI

https://hawaiicannabisexpo.com/

February 19–20, 2020

Northeast Cannabis 

Business Conference  

Boston, MA

https://thecannabisindustry.

org/event/northeast-cannabis-

business-conference/

February 26–29, 2020

The Emerald Conference  

San Diego, CA

https://theemeraldconference.com/

March 1–5, 2020

Pittcon  

Chicago, IL

https://pittcon.org/pittcon-2020/

March 20–22, 2020

NECANN Boston 

Boston, MA

https://necann.com/2020-boston-2/

March 29–31, 2020

CannaTech Israel 

Tel Aviv, Israel

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

March 31–April 3, 2020

Analytical 

Munich, Germany

https://www.analytica-world.com/en/

events/1004212/analytica-2020.html

April 3–4, 2020

CannaCon Midwest 

Detroit, MI

https://cannacon.org/midwest/

midwest-cannacon/

April 6–8, 2020

Cannabis Science Conference East 

Baltimore, MD

www.cannabisscienceconference.com

April 21–23, 2020

2020 Cannabis Conference 

Las Vegas, NV

www.cannabisconference.com/

April 23–25, 2020

O’Cannabiz Conference & Expo 

Toronto, Canada

https://ocannabiz.com/

toronto/register

May 28–30, 2020

Cannabis World Congress & 

Business Exposition (CWCB)

New York, NY

https://www.cwcbexpo.com/

show-information-nyc/

June 15–17, 2020

Cannabis Business Summit & Expo

San Francisco, CA

https://thecannabisindustry.

org/event/

cannabis-business-summit-expo-2/

July 5–8, 2020

The 30th Annual International 

Cannabinoid Research Society 

Symposium on the Cannabinoids

Galway, Ireland

http://icrs2020.org/

August 31–September 2, 2020

Cannabis Science Conference West 

Portland, OR

www.cannabisscienceconference.com

September 21–22, 2020

CannMed

Pasadena, CA

https://cannmedevents.com/

http://www.pharmaedresources.com
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https://liftexpo.ca/vancouver20/
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Medical Cannabis for Analgesia: 
Growth and Development

Pain, by defi nition, is described as mental or physical suffering. Different receptors register different 
events and essentially convey to the brain if the experience is to be deemed painful or not. The 
peripheral nerves run throughout your body and send signals from nerve endings to the central 
nervous systems to register pain as well as other sensations. In addition to registering pain, the 
peripheral nerves also have been shown to have cannabinoid receptor type 1 and cannabinoid 
receptor type 2; both found to be to vital in analgesia. This article reviews the literature to 
examine the analgesic properties of cannabis. In the fi rst section we focus on studies and recorded 
observations on medicinal cannabis for pain relief mainly based in the 19th century. As the second 
and third sections unfold, we transition to more recent studies up until the 21st century, as well as 
what direction we are currently headed in. We close out by discussing the way cannabinoids alleviate 
pain by binding to the peripheral and central nerves based on current studies. 

Jamal Bouie and Niranjan Aryal

W
hen we think of cannabis many confl icting 

thoughts tend to come to mind, such as it’s an illic-

it drug and yet has been used in the medical fi eld 

since its discovery. From movies such as Reefer Madness to 

being labeled as a “gateway drug,” cannabis has gained a 

negative connotation over the years despite its many health 

benefi ts. The fi rst case of cannabis being used in a pharma-

ceutical manner can be traced back to 2737 B.C. when Chi-

nese emperor Shen Neng began to prescribe cannabis to 

treat illnesses such as gout, beriberi, and rheumatism. If we 

fast forward to the 21st century and examine studies, we will 

see that cannabidiol (CBD) oil has been studied for its ben-

efi ts in treating rheumatoid arthritis. There have been many 

writings on cannabis in general found in the B.C. era in China. 

Though it is not mentioned in abundance, there is evidence 

that early Chinese cultures used cannabis for medicinal pur-

poses, but they did in fact know about its psychotropic prop-

erties. It has been noted (1) that if used for a prolonged time, 

cannabis would produce different hallucinogenic effects but, 

with the decline in shamanism in the Han Dynasty, the use of 

cannabis as a hallucinogen fell out of practice. Many cultures 

spoke of using cannabis in a lot of different medicinal forms 

whether it was the Assyrians using it as a cure for swelling and 

bruises or the Greeks using “juice” from the cannabis seeds 

as a cure for earaches (2).

As time progressed, there was never a clear decrease in can-

nabis use in medicinal purposes. By the start of the 19th cen-

tury there was a sharp rise in studies on the medicinal benefi ts 

of cannabis, especially in western civilization. In 1843, William 

Brooke O’Shaughnessy introduced his fi ndings from India de-

tailing how different cannabis tinctures were made in India as 

well as the effects these tinctures had on each patient (3). 

Medicinal Cannabis in the 19th Century

O’Shaughnessy begins with his description of tests run on an-

imals in the beginning; the fi rst of which being done on a me-

dium sized dog. In this early cohort study, O’Shaughnessy was 

simply observing the effects of a tincture made of 10 grains of 

”Nipalese churrus” dissolved in a spirit (3). The effects of the 

tincture were described as giving the dog a “stupid” state fol-

lowed by hunger and a long slumber; throughout the whole 

ordeal the dog was described as very content. Similar reac-

tions were found as tests were continued on dogs. Deeper 

into O’Shaughnessy’s article he gives examples of patients 

whom had acute rheumatism; all of whom had not been re-

sponding to conventional methods of treatment. Though one 

patient had adverse effects where they fell into a catalepsy 

state; all patients with the exception of the habitual canna-

bis user stated loss of pain associated with the acute rheuma-

tism. One patient even described himself as ”being in perfect 

health” after taking one grain of resin; while one of the oth-

er patients exclaimed he was free of all symptoms after tak-

ing the tincture and having a full night’s rest. O’Shaughnessy 

was able to observe several more cases in which the half-grain 

dose of cannabis resin was used as treatment in acute and 

chronic rheumatism; across the board it was shown that the 

resin was able to attenuate the pain.  

In 1845 Mr. M. Donovan began to do his own experimen-

tation of Indian cannabis, which was the main source for 

O’Shaughnessy’s experiments. Donovan’s interest in the 

subject matter stemmed from his own suffering of neuralgic 

pain (4). In his early attempts, Donovan found no effects after 
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making his own resin and tincture by us-

ing Indian hemp that he obtained from 

various sources. He deemed the rea-

son for his tincture and resin not being 

as potent as O’Shaughnessy’s because 

of poor cultivation techniques as well as 

the possibility that the cannabis loses 

its potency after being cut and thus has 

a fi nite time in which it can be used and 

still produce the desired effects. This is-

sue was eradicated by obtaining fresh 

resin samples made by O’Shaughnessy 

himself. During one of his pain attacks 

Donovan took the tincture made from 

O’Shaughnessy’s resin and in 20 min 

he described himself as having no pain 

whatsoever. He also described a feel-

ing of moving around without giving 

thought to his legs to the point that he 

felt as if “they (his legs) did not belong 

to me” (4). It can be observed through 

Donovan’s account that as time went on, 

he had to take higher doses of tincture 

in order to alleviate his pain. 

In an article published in the Lancet in 

March 1890, one man by the alias W.W. 

gives his own account of the adverse ef-

fect of taking a cannabis tincture. He 

description goes as follows (5): 

“The neuralgia, was soon for-

gotten, and in about an hour’s 

time I began to feel giddy, full 

in the head, and very faint, and 

soon experienced a sensation 

of heaviness and numbness in 

the feet and legs, followed by 

partial anesthesia, gradually ex-

tending upwards to the knees. 

My feet and legs felt as if enor-

mously swollen and thickly cov-

ered over with wool. Soon the 

loss of sensation became com-

plete as far as the knees; walking 

was then impossible and even 

standing a diffi culty. Shortly sim-

ilar symptoms appeared in the 

upper extremities, commencing 

at the fi nger tips and extending 

as far as the elbows. The anes-

thesia was not so complete as in 

the lower extremities. During this 

time there was great anxiety and 

fear of death through cardiac pa-

ralysis, which seemed almost im-

minent. The heart’s action was 

tumultuous and irregular. On 

the return of sensation to the ex-

tremities, I was possessed with 

an almost irresistible desire to 

commit suicide, by rushing into 

the adjoining canal or cutting my 

throat with the knives on the ta-

ble close by, though no attempt 

was made at doing so. Short-

ly upon this I was seized with fi ts 

of alternate laughter and crying, 

without any apparent cause.” 

W.W. ended the article stating he was 

aware that cannabis tinctures don’t af-

fect everybody the same way, but that 

he would never take it as a cure again as 

well as “be most careful in prescribing 

it to others.” In a turn of events Dr. J.R. 

Reynolds gave a retort to W.W.’s article 

seven days later. In his article, Dr. Reyn-

olds explained why one might succumb 

to toxic symptoms after taking a canna-

bis tincture. Dr. Reynolds’ explained the 

symptoms related to the tincture not be-

ing made homogenous in addition to 

different cannabis resin being extract-

ed from different strands grown in differ-

ent regions. He concluded that to com-

bat against this the cannabis should be 

obtained from the same source and us-

ers should start with the lowest possible 

dosage before ramping up in attempts 

to test the potency of the tincture made 

and gradually increased from there (5). 

Dr. Reynolds also gave a list of steps to 

take when taking a tincture of the phar-

macopoeia and assured readers that in 

all his studies, when subjects followed 

his method for dosing, no one experi-

enced an adverse effect. 

20th Century 

Analgesic Properties 

In the 20th century, cannabis be-

came listed as a Schedule 1 drug and 

a decrease in studies on cannabis were 

also noted until the later part of the 

century. At that point, studies began to 

center around the concept of discern-

ing what cannabinoids could be used 

to treat which ailments and how these 

treatments would compare to drugs al-

ready on the market.     

Noyes Jr., Brunk, Avery, and Canter 

(6) examined the analgesic properties 

of tetrahydrocannabinol (THC) in com-

parison to codeine. In this double-blind 

experiment, the 36 subjects were given 

either a 10 mg or 20 mg tablet of THC 

concentrate or a 60 mg or 120 mg tab-

let of codeine, in addition a placebo 

was also used (6). Subjects were asked 

to rate their pain on an hourly basis af-

ter receiving one of the listed treat-

ments, in addition to them being ob-

served over the course of 7 h. Table I in 

the Noyes article (6) details how close 

the relief of the 60 mg of codeine was 

compared to the 10 mg of THC.

In another attempt to show the an-

gelic properties of cannabis, a test in 

which the subjects were given a mix be-

tween aspirin, THC, and propoxyphene 

was done (6). These results can be seen 

in Table V in the Noyes article (6), where 

it was shown that 10  mg of THC had 

about the same effectiveness on pain 

that the 600 mg of aspirin did. 

Noyes and colleagues (6) concluded 

that THC does indeed have analgesic 

properties, but more research should 

be done to perfect the dosages given 

to avoid adverse effects such as dizzi-

ness, blurred vision, nausea, and diar-

rhea. Those side effects were observed 

in patients no matter if they took the co-

deine, THC, or the placebo pill. 

In the same year there was a study 

done by S.L. Milstein, K. MacCannell, 

G. Karr, and S. Clark to see how canna-

bis effected pain tolerance (7). This too 

was a double-blind experiment in which 

subjects were given 600 g of 1.3% THC 

marijuana and a THC-extracted mari-

juana seven days apart (7). Under the in-

fl uence of both respectively, subjects 
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were asked to put their thumb in a vice 

that would continue to add pressure un-

til it was unbearable, at which point they 

would press stop and the fi nal pressure 

would be recorded. To preface this ex-

periment and make sure the subjects 

weren’t under the infl uence of anything 

else, subjects were asked to be sober 

from alcohol for at least 24 h before the 

experiment and sober from other drugs 

for at least seven days before (7). There 

is a graph in the literature (7) that shows 

both experienced cannabis users and 

fi rst timers had a higher tolerance for 

pressure. It was also observed that after 

smoking the placebo marijuana the pain 

tolerance dropped.

Recent Studies in 

Medicinal Cannabis

After California legalized cannabis for 

medicinal use in 1996 continued experi-

mentation increased in western parts of 

the world. 

In 2011, it was shown that there was 

a 500% rise in Human Immunodefi cien-

cy Virus (HIV) cases over the recent dec-

ades (10). One of the most common 

peripheral nerve disorders associat-

ed with HIV is HIV-associated sensory 

neuropathy (SN) (8). This was the sub-

ject of a 2007 (8) study where canna-

bis was used to decrease the amount 

of pain in patients suffering from HIV-

SN. In this randomized study, subjects 

were given either a 0.9 g cannabis cig-

arette containing 3.56% THC or a can-

nabis cigarette containing 0% THC (8). 

Approximately 52% of the subjects that 

were exposed to the cigarettes that 

contained THC saw a decrease in pain 

by up to 34%. Comparatively, only 24% 

of subjects that were exposed to the 

placebo experienced pain relief up to 

17% (8). It can be seen in a fi gure in the 

literature (8) that pain levels drop im-

mediately after the fi rst cannabis ciga-

rette and begin to rise once the subject 

smoked their last cigarette.

Many studies during this century 

have shown cannabis to have analgesic 

properties when treating a variety of 

diseases (8–10). Another study done in 

2010 examined patients with chronic 

neuropathic pain from either post-trau-

matic or post-surgical events. These 23 

patients were given cannabis with THC 

potencies at four different levels includ-

ing 0%, 2.5%, 6%, and 9.4% (10). It can 

be seen from their results that pain reg-

istered signifi cantly lower when using 

cannabis at a level of 9.4% THC versus 

0% when measured on an 11-point nu-

meric rating scale (10). The patients that 

received the 9.4% THC cannabis also re-

ported sleeping better as well as hav-

ing lower anxiety levels, while simulta-

neously having no effect on patient’s 

mood or quality of life (10).

Repeatability is one of the steps to 

having a method validated. If we look at 

cannabis as a method for treating pain, 

throughout history it has had very re-

peatable results with minor adverse ef-

fects. Even still, cannabis is labeled as a 

Schedule 1 drug with no medical bene-

fi ts (11). In one of the more recent studies 

done in 2018, we see the examination 

of the withdrawal symptoms common-

ly associated and observed with medi-

cal patients who use cannabis for their 

chronic pain issues. In this article, they 

list the most common withdrawal fac-

tors as sleep diffi culties, anxiety, irritabil-

ity, and appetite disturbance (12). Some 

of the limitations noted in this article in-

cluded the fact that they were unable 

to distinguish the differences in with-

drawal symptoms and functioning; they 

also stated the participants were more 

than likely not in withdrawal state at the 

time of the study (10). In all though, we 

see that the common theme is more re-

search is needed. This is a fact that can’t 

be denied, the scientifi c community is 

constantly changing. As time goes on, 

we are getting better in not only testing 

methodology but becoming more strin-

gent on testing products to ensure safe-

ty. We can look at California as an exam-

ple when it comes to testing regulations 

to ensure no mycotoxins, heavy metals, 

or pesticides are being produced in 

cannabis and cannabis products, all reg-

ulated by the Bureau of Cannabis Con-

trol (BCC) (13).

Cannabinoid Binding 

The antinociceptive and analgesic ef-

fects of activated cannabinoid recep-

tor type 1 (CB1) and cannabinoid recep-

tor type 2 (CB2) receptors have been 

proven in a plethora of studies since 

the late 1990s (14–16). It was found in a 

1980 study that CBD does in fact have 

antagonist properties (17). During this 

study, monkeys were given doses of 

THC, CBD, and a THC:CBD mixture. It 

was observed that when combined with 

CBD, THC’s behavioral effects dimin-

ished (17). In a 2002 study it was found 

that CB2 receptors were able to act as 

an anti-infl ammatory as well as offer-

ing an analgesic effect when activated 

on its own (18). It was also deemed that 

the adverse effects are a result of THC 

binding to CB1 receptors because of 

the fact that they have distribution out-

lets within the central nervous system, 

where psychoactivity takes place; these 

effects weren’t observed when CB2 re-

ceptors were activated on their own 

which only are found on the peripheral 

nerves (18). From this one study, we can 

see why a drug with a high CBD content 

would be able to decrease the chances 

of having any adverse effect (19). While 

CBD antagonist properties are shown 

to modulate, in a sense, the THC bind-

ing to CB1 receptors within the central 

nervous system, it has also been shown 

that the agonistic properties of THC are 

essential in blocking the glutamate re-

lease within the glutamatergic system, 

which in turn helps to reduce hyper-

algesia from migraines (20,21). This is 

because of THC being able to reduce 

the N-methyl-D-aspartate receptor 

(NMDA) responses by 30–40% (20,21).

When it comes to cannabis and pain 

relief, the agonist or antagonist behav-

ior exhibited by the cannabinoid in re-

lation to the CB1 or CB2 receptor is 
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important to examine. Taking this a step 

further and examining the properties 

of CBD and THC, both have analgesic 

properties on neuropathic pain. Differ-

ent cannabinoids with agonist, antag-

onist, or inverse agonist properties are 

classifi ed contingent on their unique 

chemical structure (22). It was found in 

a 2004 study that CBD antagonism can 

also help to reduce addictive potential 

and tolerance levels (23), thus a patient 

would need higher dosage as treat-

ment progressed. In 2006 it was shown 

that CBD combats the adverse effects 

THC causes in the central nervous sys-

tem by suppressing the oxidation of ∆9-

THC to 11-Hydroxy-THC, which has high 

psychoactive properties (24).

Conclusion: 

What’s on the Horizon

As time progresses, more benefi ts 

of cannabis when it comes to analge-

sia are being recognized. In the Unit-

ed States, the fi rst U.S. Food and Drug 

Administration (FDA) approved can-

nabis-based medicine, Epidiolex, was 

approved in June 2018. This is differ-

ent from the FDA-approval of Marinol 

simply because it uses CBD extracted 

from actual plants versus using a syn-

thetic cannabinoid. In 2010, the approv-

al of Sativex (trade name) in the UK was 

a ground-breaking move in the fi eld of 

pharmaceutical cannabis because of its 

composition of a 1:1 ratio of THC:CBD. 

The effectiveness of Sativex was found 

through clinical trials in which 74.6% 

of patients found relief from multiple 

sclerosis spasticity in the fi rst month of 

taking the drug (25). These two drugs 

alone are signs that times are chang-

ing, and the country is moving into the 

realm where medicinal cannabis may 

be available everywhere. By continuing 

to study the effects of the more than 

100 cannabinoids found in cannabis 

it’s possible to derive a concentration 

in which we have the analgesic proper-

ties sought after without the adverse 

effects that are commonly associated.
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Multielement Analysis of Heavy Metals 
in Cannabis Samples Using ICP-MS

Heavy metals are some of the most important contaminants to test for in cannabis analysis. Many 
heavy metals, such as arsenic, mercury, and lead, can be introduced into the cannabis plant—
and therefore the fl owers—through cultivation in contaminated soil. Heavy metals can also be 
introduced later on in the manufacturing process from contaminated processing equipment or raw 
materials. Because of the health risks associated with these metals, it is imperative that they are 
detected before entering the market place. This article discusses a robust method for identifying 
heavy metals in cannabis samples, using inductively coupled plasma-mass spectrometry (ICP-MS). It 
also highlights the importance of sample preparation methods that can be applied to a wide range 
of cannabis products. Both will help scientists and technicians better understand how to uncover 
contamination and help protect consumers from harm.

Aaron Hineman and Toby Astill

N
umerous studies have identifi ed that cannabis and 

hemp plants are active accumulators of heavy met-

als from the soil and water they grow in, which have 

been contaminated through anthropogenic activities such 

as mining and smelting (1). Concentrations of these heavy 

metals are in the parts per billion (ppb) or parts per tril-

lion (ppt) region. Although considered to be at a trace lev-

el, the heavy metals may still cause harm to consumers and 

would therefore require sensitive testing capabilities. 

As the use of legalized cannabis across many forms 

and products continues to increase, it is also critical that 

robust methods are likewise developed to detect and 

quantify trace levels of these heavy metals. This is par-

ticularly important for long-term users of cannabis prod-

ucts, including patients that may have compromised im-

mune systems or use cannabis-based medicine products 

because heavy metals can accumulate in the body and 

cause serious harm (2). 
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Furthermore, because regulato-

ry limits for heavy metals can vary 

between jurisdictions and more el-

ements and lower limits are being 

added to regulations all the time, it 

is essential that laboratories leverage 

methods of detection that have the 

fl exibility and sensitivity required for 

this fast-changing industry. 

For example, Canada and U.S. 

states such as California, Oregon, 

and Colorado have published lim-

its for heavy metals. Though regula-

tions can vary between geographic 

regions where cannabis is permit-

ted, many of the set limits are based 

on United States Pharmacopeia (USP) 

“General Chapter <232>” guidance 

(3). The key metals of interest are 

cadmium (Cd), lead (Pb), arsenic (As), 

and mercury (Hg). These heavy met-

als fall within the U.S. Food and Drug 

Administration (FDA) Class 1 cat-

egory for substances that are tox-

ic to humans with use allowed in the 

manufacture of pharmaceuticals (4). 

Table I provides a list of heavy metal 

limits based on jurisdiction and route 

of administration. 

To help combat the issues sur-

rounding the frequent prevalence 

of heavy metals in cannabis, induc-

tively coupled plasma-mass spec-

trometry (ICP-MS) can be used for 

trace metal analysis. ICP-MS pro-

vides effective detection limits for 

elemental impurities down to ppb 

or ppt levels.

The technology works by combin-

ing a high temperature ICP source 

and a mass spectrometer. Samples 

are introduced into an argon plasma 

as aerosol droplets, which are dried, 

dissociated into atoms, and then ion-

ized. Quadrupoles are often used to 

rapidly scan the mass range with one 

mass-to-charge ratio being allowed 

to pass through the mass spectrom-

eter at a given time. The number of 

ions hitting the detector for a given 

mass is related to the concentration 

of the element in that sample (5).

In comparison to other tech-

niques such as inductively coupled 

plasma-optical emission spectrom-

etry (ICP-OES), ICP-MS can achieve 

greater sensitivity and many orders 

of magnitude, enabling a reduction 

in the amount of sample required. 

The greater sensitivity is ideal for 

the determination of trace metals 

in cannabis samples since the usu-

al levels for some analytes are ex-

tremely low (sub-ppb).

The analysis of heavy metals in can-

nabis remains challenging because of 

the low level of contaminants in com-

plex matrices, the wide variety of can-

nabis types, and homogeneity is-

sues that can exist in certain samples. 

Cannabis fl owers are a natural, het-

erogeneous substance that must be 

homogenized prior to preparation. 

When a sample is heterogeneous, say 

in cannabis brownies or gummy bears, 

the concentration of heavy metals 

can vary widely within the sample and 

the accuracy of analysis is reduced. 

Though the process of homogeniza-

tion ensures consistency within the 

sample, it can also introduce con-

tamination. It is, therefore, vital that 

Table I: A list of heavy metals and their limits for cannabis products

Canada 

(Based 

on USP 

<232>)

California* Colorado Connecticut, 

Maryland, 

Nevada, 

New Mexico

Massachusetts Minnesota Washington

Heavy 

Metal

Inhaled 

Cannabis 

Goods 

(μg/g)

All 

Inhaled 

Cannabis 

Goods 

(μg/g)

Other 

Cannabis 

Goods 

(μg/g)

Flower, 

Concentrates, 

and Infusions 

(ppm)

μg/kg of 

Body Weight 

per Day

All 

Uses 

(μg/kg)

Ingestion 

Only 

(μg/kg) 

PPM in 

Final 

Product

μg/Daily 

Dose (5 g)

Cadmium 
(Cd)

0.2 0.2 0.5 0.4 0.09 200 500 0.3 4.1

Lead (Pb) 0.5 0.5 0.5 1 0.29 500 1000 1.0 6.0

Arsenic 
(As)

0.2 0.2 1.5 0.4 0.14 200 1500 1.5 10.0

Mercury 
(Hg)

0.1 0.1 3 0.2 0.29 100 1500 0.5 2.0

*See reference 6

Table II: The microwave digestion program for dissolution of cannabis samples

Step Target Temp. (°C) Pmax (bar) Ramp (min) Hold (min) Power (%)

1 160 30 5 5 90

2 200 30 5 20 100

3 50 30 1 30 0
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preparation protocols are produced 

that can effectively homogenize can-

nabis samples while avoiding con-

tamination. The homogenization of 

cannabis fl owers is particularly chal-

lenging because the sample requires 

an optimal digestion protocol to en-

sure that there are no particulates left 

in the fi nal digest state. 

Experimental

The following experiment tested the 

ability of ICP-MS to perform accurate 

and reproducible analyses of canna-

bis samples. To account for the wide 

variety of cannabis product types in-

cluding fl ower, edibles, oils, and ex-

tracts a robust sample prepara-

tion scheme must be used. This was 

achieved using microwave digestion. 

The technique works by using micro-

wave energy to increase the temper-

ature and pressure within the vessel 

and break down everything in the 

vessel to its constituent elements. For 

testing fl owers, prior to microwave di-

gestion, 3–5 g of cannabis fl ower were 

fi rst homogenized with 0.50±0.05 g of 

each sample weighed and then trans-

ferred into a standard 75  mL diges-

tion vessel. The sample amount was 

chosen based on the proposed Cal-

ifornia regulations, which require a 

minimum 0.5 g of the representative 

cannabis sample. Microwave diges-

tion must be performed using high 

pressure technology that is capable 

of processing the 0.5  g required by 

the proposed California regulations. 

The California limits on “all inhaled 

cannabis goods” were used for this 

analysis because they are the most 

stringent compared to other jurisdic-

tions and are particularly suitable for 

testing cannabis fl owers, see Table I. 

Once the sample had been placed 

in the digestion vessel, 7 mL of nitric 

acid (70%) and 3 mL of hydrogen per-

oxide (30%) were added. The vessels 

were left uncapped for 10 min to en-

able any prereactions to occur safely 

prior to the digestion program.

All samples were digested us-

ing PerkinElmer’s Titan MPS system. 

Spikes of known heavy metal stand-

ard concentrations were added to 

the microwave vessel prior to the 

addition of reagents, permitting an 

evaluation of how sample prepara-

tion affects analyte recovery. A total 

of 200 ppb gold (Au) was also added 

to each sample to stabilize mercury. 

The digestion program for dissolu-

tion of cannabis samples requires 

three steps with target temperatures 

of 160 °C, 200 °C, and 50 °C, respec-

tively for each step. The full digestion 

program can be found in Table II. 

It is important for samples from 

volatile extracts to be given time af-

ter digestion to enable the evapora-

tion of residual solvents. All samples 

were then diluted with deionized wa-

ter to a volume of 50 mL, resulting in 

a total dilution factor of 100x with a 

reagent matrix of 14% HNO3. Calibra-

tion was developed by using a blank 

and four calibration standards to cov-

er the wide range of concentrations 

for all cannabis sample types. 

The analysis was performed us-

ing PerkinElmer’s NexION ICP-MS, 

combined with the All Matrix Solu-

tion (AMS) system. The AMS system 

minimizes the need for dilution of 

samples with high levels of total dis-

solved solids. In previous ICP-MS sys-

tems, there was a limit to the amount 

of material that could be delivered 

to the plasma before degradation of 

ionization effi ciency. Long analytical 

runs would therefore be constrained 

because of the subsequent matrix 

suppression and deposition on the 

nebulizer cones (6). The AMS system 

adjusts the fl ow of the dilution and 

nebulizer argon gases while maintain-

ing a constant fl ow to the torch. This 

permits dilutions of up to 200 times, 

without requiring off-line dilutions of 

high-matrix samples. The dilution of 

the aerosol stream allows for more ef-

fi cient ionization, reduced matrix sup-

pression, and less deposition on the 

nebulizer cones. For this analysis, ro-

bust conditions for the high sample 

matrix were created and matrix load-

ing in the plasma was reduced by set-

ting the AMS dilution factor to ap-

proximately three times. 

The NexION ICP-MS includes a uni-

versal cell that can be used in both 

collision and reaction mode. The 

Table III: Sample analysis results for all quantitative sample data

Element
Sample Results Units (μg/g)

Pass/Fail
1 2 3 Mean SD Limit

Cadmium (Cd) 0.029 0.037 0.042 0.036 0.006 0.2 Pass

Lead (Pb) 0.009 0.021 0.010 0.013 0.007 0.5 Pass

Arsenic (As) 0.027 0.030 0.045 0.034 0.010 0.2 Pass

Mercury (Hg) 0.056 0.044 0.045 0.048 0.007 0.1 Pass

Table IV: Accuracy test results

Element
Mean Unspiked 

Sample (μg/g)

Mean Recovery (%)
Pass/Fail

50% 100% 150%

Cadmium (Cd) 0.036 87 94 91 Pass

Lead (Pb) 0.013 81 85 84 Pass

Arsenic (As) 0.034 96 96 98 Pass

Mercury (Hg) 0.005 97 95 107 Pass

http://www.CannabisScienceTech.com


Featture 69

VOL 2 • NO 5 • SEPTEMBER/OCTOBER 2019 www.CannabisScienceTech.com | CANNABIS SCIENCE AND TECHNOLOGY

collision mode was used to acquire 

all the analytes in this analysis. This 

methodology reduces common poly-

atomic interferences by passing both 

interfering and analyte ions through a 

cloud of inert helium molecules. As all 

polyatomic molecules are larger than 

analyte ions of the same mass, more 

energy is lost as the larger ions more 

frequently collide with the inert gas 

molecules. The resulting lower ener-

gy ions can then be excluded to re-

duce spectral interference. 

Results and Discussion

The results of the analysis found that 

all quantitative sample data were less 

than the target limits for heavy metals 

in inhalable cannabis products, see 

Table III. The accuracy of the meth-

od was tested by following the USP 

“General Chapter <233>” require-

ments, which state that the matrix 

must be spiked with target elements 

at concentrations of 50%, 100%, and 

150% of the maximum permitted daily 

exposure (PDE) (7). Method validation 

requires for the mean spike recover-

ies of each target element to be within 

70–150% of actual concentrations. Ta-

ble IV shows that the spike recovery 

test for target elements at concentra-

tions of 50%, 100%, and 150% of the 

PDE were well within the 70–150% ac-

ceptance criteria range, with the low-

est mean recovery percentage of 81% 

for samples spiked with lead.

The repeatability test requires six 

independent samples spiked with 

target elements at concentrations 

that are 100% of the PDE. USP “Gen-

eral Chapter <233>” method vali-

dation requires the measured per-

centage relative standard deviation 

(%RSD) to not exceed 20% for each 

target element. Table V shows that 

the %RSDs for all target elements 

were within 3% and therefore under 

the acceptance limit.

The ruggedness of the method 

was assessed by testing the six re-

peatability solutions, which were 

prepared by two different analysts. 

The USP “General Chapter <233>” 

requires that the %RSD of the 12 

replicates must be less than 25% for 

each target element. Table VI shows 

that all 12 measurements had RSDs 

<2.5%, below the 25% required for 

method validation.

The performance of this method for 

the cannabis industry has been fur-

ther validated by The Emerald Pro-

fi ciency Test for Heavy Metals. The 

Emerald Test is an inter-laboratory 

comparison and profi ciency test pro-

gram for cannabis testing laborato-

ries (8). The results from the PT inter-

laboratory samples passed the test to 

meet the requirements for inter-lab-

oratory reproducibility and accuracy.  

The analytical tests show that ICP-

MS is capable of producing repro-

ducible quantitative data at sensitivi-

ty levels less than the California target 

limits for “all inhaled cannabis goods.” 

The results also confi rm that the 

method passes the acceptance crite-

ria for the testing protocols described 

in USP “General Chapter <233>.”

Conclusion 

The analysis demonstrated that ICP-

MS is a suitable technique for per-

forming accurate and reproducible 

analyses of cannabis fl ower samples. 

The initial digestion and sample 

Table V: Repeatability test results

Element
Sample 

1 (μg/g)

Sample 

2 (μg/g)

Sample 

3 (μg/g)

Sample 

4 (μg/g)

Sample 

5 (μg/g)

Sample 

6 (μg/g)

Mean 

(μg/g)
% RSD Pass/Fail

Cadmium (Cd) 0.22 0.21 0.23 0.22 0.23 0.23 0.23 2.90 Pass

Lead (Pb) 0.22 0.21 0.23 0.22 0.23 0.23 0.23 2.90 Pass

Arsenic (As) 0.43 0.43 0.44 0.43 0.45 0.47 0.44 1.10 Pass

Mercury (Hg) 0.23 0.22 0.22 0.23 0.24 0.24 0.23 1.10 Pass

Table VI: Ruggedness test results

Element

Sample 

1 

(μg/g)

Sample 

2 

(μg/g)

Sample 

3 

(μg/g)

Sample 

4 

(μg/g)

Sample 

5 

(μg/g)

Sample 

6 

(μg/g)

Sample 

7 

(μg/g)

Sample 

8 

(μg/g)

Sample 

9 

(μg/g)

Sample 

10 

(μg/g)

Sample 

11 

(μg/g)

Sample 

12 

(μg/g)

Mean 

(μg/g)

% 

RSD

Cadmium 
(Cd)

0.22 0.21 0.23 0.22 0.23 0.23 0.20 0.21 0.19 0.21 0.19 0.21 0.21 7.07%

Lead (Pb) 0.43 0.43 0.44 0.43 0.45 0.47 0.38 0.43 0.38 0.42 0.38 0.43 0.42 6.85%

Arsenic 
(As)

0.23 0.22 0.22 0.23 0.24 0.24 0.20 0.22 0.21 0.22 0.21 0.22 0.22 5.26%

Mercury 
(Hg)

0.10 0.10 0.10 0.10 0.10 0.11 0.09 0.10 0.09 0.11 0.09 0.10 0.10 4.96%
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handling procedure can be applied 

to a wide variety of sample types in-

cluding fl owers, extractions, and ed-

ibles, providing complete digestion 

with no particulate residue. Moreo-

ver, the procedure can be implement-

ed across different cannabis labora-

tories and jurisdictions.   

ICP-MS is particularly suitable for 

heavy metal analysis in cannabis be-

cause it provides greater sensitivity 

than other techniques. The applica-

tion of a universal cell with collision ca-

pabilities enables greater certainty of 

the identifi cation of an element as the 

system can be implemented in multi-

ple ways. If there is anything within the 

sample that could lead to a false pos-

itive, the technology can provide veri-

fi cation through the application of dif-

ferent gases in the universal cell.

As the demand for testing canna-

bis increases and more elements are 

added to the regulations, there will 

be a greater need for robust analyti-

cal methodologies that have the fl exi-

bility to analyze a wide variety of can-

nabis forms and products. ICP-MS 

provides a critical analytical tool that 

will be able to meet the growing 

needs of the cannabis industry.
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In EI GC–MS/MS, every precursor 

ion is a direct fragment of PCNB. 

The MRM transitions are more than 

3.5 times more selective when com-

pared to NI-APCI LC–MS/MS. When 

measured in cannabis matrix, these 

specific MRM transitions are linear 

and more than 10-fold more sensi-

tive than reported in NI-APCI LC–

MS/MS methodologies. The take 

away point is that specificity is just 

as important as sensitivity and in 

this example of a model compound 

such as PCNB, the NI-APCI LC–MS/

MS transitions are not selective 

for PCNB and fail to meet Califor-

nia regulatory requirements. Con-

versely, GC–MS/MS in EI affords the 

accurate, precise, and robust identi-

fication and quantification of PCNB 

and other pesticides not amenable 

to ESI in complex cannabis matrices 

that meets and exceeds regulatory 

statute.

Disclaimer

Agilent products and solutions are in-

tended to be used for cannabis qual-

ity control and safety testing in labo-

ratories where such use is permitted 

under state and country law. 
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Is Your Cannabis Testing Laboratory 
Ready for ISO/IEC 17025:2017?

A review of the expert strategies and resources to streamline the laboratory accreditation process.

Tom Borak

A
s more states consider the legalization of canna-

bis for both medical and recreational use, it seems 

a foregone conclusion that the plant will eventually 

be reclassifi ed from its current Schedule I status at the fed-

eral level. At present, however, with no federal oversight or 

guidance available, the challenges of regulating this emerg-

ing industry fall squarely on the states themselves.

The proliferation of the cannabis industry has spread with 

such speed that it has outpaced the ability of governing 

bodies to respond and adapt. This has created a modern-

day “wild west” scenario in which some states have strong, 

well-established protocols in place for governing the indus-

try, while others are in a perpetual state of fl ux, with regu-

lations and processes changing with the wind. Other states 

have stalled in the legislative process altogether. In the long 

run, the wide array of approaches to regulation will likely al-

low the best ideas from multiple programs to rise to the top 

and create an industry standard. Until then, the most viable 

option may be to adopt best practices from testing and cal-

ibration laboratories in other industries.

As a result, many states are turning to the International 

Organization for Standardization (ISO), particularly for can-

nabis testing laboratories, to standardize their practice. The 

ISO/IEC 17025:2017 (1) standard (hereafter ISO 17025) ena-

bles laboratories to demonstrate that they operate compe-

tently and generate valid results, thereby promoting confi -

dence in their work both nationally and around the world.

While ISO 17025 is a familiar standard in the world of test-

ing and calibration as a whole, it is largely new to the can-

nabis industry. The majority of cannabis laboratories are hir-

ing personnel who are not only new to the industry, but also 

lack experience operating in a regulated laboratory envi-

ronment. This often results in a severe underestimation of 

how challenging ISO 17025 accreditation can be to achieve 

and how much effort is required to maintain it.  

I sat down with Julie Taylor, CEO of Northstar Scientif-

ic Solutions, a cannabis analytical laboratory develop-

ment and consulting fi rm based in Denver, Colorado and 

Matthew Sica, Accreditation Manager, RMP, PT, and Med-

ical with ANSI National Accreditation Board (ANAB) with 

offi ces in Fort Wayne, Indiana, Alexandria, Virginia, Cary, 

North Carolina, and Washington, D.C., to learn more about 

the accreditation process. We also discuss how accredita-

tion compliments good laboratory practice (GLP) and good 

manufacturing practice (GMP), and how to avoid some of 

the common pitfalls facing new laboratories pursuing ac-

creditation for the fi rst time.

“Little by little, more of the quality aspect is being brought 

into the regulation for testing labs. To a degree, even more 

so than for the consumable products themselves,” said 

Taylor. “My opinion is that testing labs are being held to a 

much higher standard than any other players in this indus-

try. I believe that ISO 17025 will become universally mandat-

ed sooner than later.” 

Some laboratories may be wary of adopting ISO 17025, 

betting that under the eventuality of the U.S. Food and 

Drug Administration’s (FDA) regulatory purview, GLP will 

prevail as the standard of choice. Sica noted, however, that 

GLP aligns with ISO 17025 and allows for seamless integra-

tion. Cannabis laboratories can adopt the standard and 

then build in GLP requirements, along with any additional 

state regulations. This is the current approach taken by the 

construction, environmental, and Department of Defense 

sectors, among others.

“ANAB has a GLP program with supplemental require-

ments based on the federal register requirements,” said 

Sica. “The two really run concurrently. Embracing the ISO 

17025 model and building upon that as the core standard 

with additional specifi city is common in many industries, 

but to totally ignore it seems foolish.”

Both experts agreed that one of the biggest pitfalls for 

cannabis laboratories pursuing ISO 17025 accreditation is 

underestimating the challenges in achieving accreditation 

to the standard and believing it’s a simple process.

“It depends on the lab, but if they have not gone with a 

consultant, typically there’s a total lack of understanding 

of accreditation and its requirements,” said Sica. “A lot of 

times this occurs with investment groups. They hire some-

body with a PhD and they whip together a lab. It’s only when 

their temporary state license is nearing expiration, and they 
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need to get accredited, that they start 

working on it and fi nd out how big a 

task it is.”

Taylor agreed. “A lot of what I hear 

is, ‘as soon as we pass our profi cien-

cy testing, we’ll get our accreditation,’” 

she explained. “But profi ciency test-

ing is only a very, very small piece of 

ISO 17025. It’s not only setting it up, 

it’s also the ongoing maintenance of 

the actual accreditation, and by main-

tenance I mean actually following the 

processes that you’ve set in place and 

reviewing them on a regular basis. 

Continual improvement is a big piece 

of ISO 17025, so you can’t just set it up 

and walk away.”

From the beginning, laboratories 

need to focus on hiring the right 

personnel—preferably individuals 

who have experience in a regulated 

laboratory environment. Currently, 

an estimated 80% of new hires have 

no experience in the cannabis sec-

tor, and many do not even have a 

degree in science.

“Look for applicants with a science 

background who have practical expe-

rience in a regulated lab,” Taylor said. 

“Whether that’s GLP, ISO, or GMP, if 

they have some sort of experience in a 

setting like that, then they understand 

the importance of a quality structure.”

When the laboratory manager and 

quality personnel don’t understand 

the complexity of the standard, they 

tend to underestimate the time, peo-

ple, and resources required to design 

their processes and get them up and 

running, delaying accreditation and 

subsequent production timelines.

The management of documents 

alone—including standard operat-

ing procedures (SOPs), work instruc-

tions, and calibration logs—can cre-

ate a burdensome workload that has 

the potential to signifi cantly hobble 

a lean team of two to four employ-

ees trying to get a new laboratory up 

and running. A software-based quality 

management system (QMS) can prove 

invaluable in streamlining this pro-

cess and creating an effi cient method 

to control documents, manage test-

ing and training records, and auto-

mate tedious manual processes like 

managing equipment logs, calibration 

schedules, and risk assessments—a 

major component of ISO 17025. It also 

allows you to manage your audits and 

assessments from one central data re-

pository. Qualtrax is one such system, 

built from the ground up to effective-

ly manage data, streamline the quality 

system, and simplify the audit process.

“In my opinion, a QMS is absolute-

ly critical to have,” Taylor said. “It’s 

not only critical, but it’s critical to im-

plement as soon as possible. You 

start with this list of 70–80 documents 

and SOPs that you know you need 

and they’re all in a spreadsheet. That 

spreadsheet gets emailed around, 

people are working on different ver-

sions, then you have the documents 

themselves and you have the same 

thing happening and it’s absolutely 

impossible to effectively track what’s 

going on.”

Investing in a QMS is also extremely 

valuable from an assessor’s perspec-

tive. The more information sources you 

bring to an audit, the closer an asses-

sor will want to look at what your pro-

cesses look like, making it much more 

likely that he or she will dig deeper 

and take more time to evaluate them.

“Normally, if a laboratory’s quality 

management system is paper based, 

they’re allowed more fl exibility in 

how they maintain their records,” said 

Sica. “When you have a company us-

ing a digital platform, working through 

workfl ows, you can’t do a step with-

out recording it, so there’s a greater 

chance of guaranteed documented 

compliance with a software platform.”

To sum it up, a software-based QMS 

can save a laboratory signifi cant time 

and money. Automating processes 

frees up the quality and compliance 

team to focus on other aspects of the 

business. In an industry where fund-

ing is tight and many personnel are re-

sponsible for multiple roles, this can 

be a true lifeline.

With a software-based QMS sys-

tem, you can think about what pro-

cesses you need to meet your com-

pliance and develop your SOPs 

simultaneously. You can work through 

the system to design workfl ows that 

mimic your SOPs so you only have to 

write them one time. If you wait to im-

plement your QMS, you will have to 

go back and rewrite your SOPs to mir-

ror what you’re actually doing in the 

laboratory. By investing in a QMS up 

front, you will save yourself one or two 

revisions and process development 

for every document.

“Once you’re up and running, you 

don’t have the time to revisit all of 

these documents,” said Taylor. “The 

priority then becomes generating rev-

enue, not document development. To 

be able to implement the organization 

and structure provided by a QMS right 

from the beginning saves so much 

time—not just from a documentation 

perspective, but with the audit as well. 

When you’re going through your audit 

for ISO 17025 using a software-based 

QMS, everything is organized, it’s eas-

ily accessible, and you can run reports 

on all of your documents because 

they’re all centrally located, so it saves 

time on that front as well.”

Some laboratories have found the 

system so effi cient that it has com-

pletely mitigated the need for a full-

time compliance manager, saving 

signifi cant overhead cost without sac-

rifi cing process transparency and re-

cord keeping ability.

When it comes down to actually cre-

ating your documents, Taylor believes 

a small team of two to four people is a 

great place to start.

“It greatly simplifi es the task 

when fewer people are thinking 

through the processes and provid-

ing input on how they should be 
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implemented,” she said. “Because ISO 17025 is written 

for testing and calibration labs generally, it lacks specif-

ics. Figuring out how the standard applies to your day-

to-day processes is something people tend to have a 

fairly diffi cult time doing. What falls under corrective ac-

tions? What would trigger that to happen? My method is 

to walk the team through different situations in the lab—

essentially helping them navigate compliance.”

In addition to hiring the right personnel and acquiring a 

software-based QMS, Sica has three more suggestions for 

laboratories to consider as they prepare for accreditation 

and a prosperous future. 

“First, carefully evaluate your instrumentation to make 

sure it’s going to meet your current needs as well as the po-

tential changes within the regulatory world, such as detec-

tion limits,” he said. “Second, when you bring on methods, 

do a thorough method validation.” 

It’s best to try to do a validation from a compendial source 

such as The United States Pharmacopeia (USP), The Interna-

tional Council for Harmonisation of Technical Requirements 

for Pharmaceuticals for Human Use (ICH), or one of the ac-

cepted pharmaceutical approaches to method validation. 

Sica also noted that one source of method validation may 

not fi t all types of matrices. 

“Finally, once you’re established and you have valid 

methods, innovate! Try to make those methods better and 

try to really do your work through samples to understand 

where you can improve the method itself, especially with 

the various matrices you’re encountering in this business, 

because they’re all so complex based on either the gela-

tins, the sugars, or the fats that are used in a lot of the ed-

ibles,” said Sica.

As laboratories make final preparations to move for-

ward with the accreditation process, both experts offer 

a word of caution: while they agreed that hiring a con-

sultant to help navigate the accreditation process could 

provide a significant advantage for a new laboratory, it 

must be noted that this path is not without risk. Tay-

lor and Sica strongly encouraged any investment group 

or laboratory thinking about hiring a consultant to con-

duct a thorough background and reference check of 

the individual or group under consideration. Both have 

seen instances where individuals or groups with very lit-

tle industry and regulatory experience have marketed 

themselves as experts and consultants, leading to sig-

nificant delays in accreditation and the loss of critical 

capital resources.

Both Taylor and Sica agreed that one of the most valua-

ble tips for new laboratories, or those pursuing ISO 17025 

accreditation for the fi rst time, is to use the resources that 

are available to you.

“There’s a big misconception about auditors and accred-

iting bodies that they’re big, mean, scary people,” said Tay-

lor. “But they’re also there to help you, so use them!”

Sica echoed this sentiment. “Call your accreditation 

manager and ask technical questions,” he said. “While we 

won’t provide consultation, we’ll either provide guidance or 

sources where you can get the information on those things. 

We want to be seen as a resource as well as part of the fa-

cility’s improvement process. We are part of the quality sys-

tem of that laboratory.”
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AMERICAN MANUFACTURER SERVES THE 
GLOBAL CANNABIS INDUSTRY WITH PRECISE 
LIQUID TEMPERATURE CONTROL EQUIPMENT

by Jack Bohannan

As the cannabis industry goes mainstream—and 
as the industry’s revenue surges to $16.9 billion 
in 2019, according to a report from Arcview 

Market Research and BDS Analytics—extracted cannabis 
products are increasingly popular across a growing base 
of consumers. In particular, cannabinoid-infused products 
and edibles are proving to be important to patients and 
especially profitable for manufacturers. 

Distilled cannabinoids, such as THC and CBD, are the key 
components of infused products. Zion Market Research 
reported the overall cannabinoid oil market is expected to 
grow to USD $2.47 billion by 2025. Because of the incredible 
profit potential, many entrepreneurs have jumped to meet 
the demand for cannabinoid extraction and distillation 
services. But laboratory equipment struggles to meet the 
special needs of cannabis pharmaceuticals. 

Cannabinoid processing systems usually operate 24/7 
to maximize production and revenue, and the chemical 
processes of these systems require precise temperature 
control under demanding conditions. Moreover, reliability 
is critical—each hour of downtime costs companies 
thousands of dollars. So, to overcome these challenges, 
leading-edge equipment manufacturers are engineering 
components for the extreme rigors and challenges of 
cannabis distillation. 

Recently, PolyScience—the international manufacturer 
of liquid temperature control devices—developed the Du-
raChill® line of portable recirculating chillers to offer can-
nabis-processing systems precise temperature regulation. 
Temperature regulation is critical for a quality product, 
safe operation, and maximum yield. And to ensure quality 

and cannabis-friendly reliability, DuraChill® is made in the 
United States and manufactured under ISO 9001 and ISO 
14001 quality and environmental standards.

Eliminating Downtime with Durability
To create the DuraChill®, PolyScience purposefully con-
sidered the needs of cannabis professionals. Eliot Kre-
merman, a distillation-system integrator and the owner of 
Summit Research, helped PolyScience identify the special 
concerns of the cannabis market. He builds his systems 
with PolyScience chillers because of their durability and 
predictable performance.

“Cannabis isn’t the simplest industry; it’s very chaotic,” 
Kremerman said. “People don’t respect scientific equip-
ment, and they don’t adhere to proper upkeep either. 
The trouble is, customers with chiller problems are ex-
pecting me to fix it the same day.”

As Kremerman noted, cannabis-processing companies 
neglect maintenance. Plus, turnover at cannabis busi-
nesses can be high, so technicians may not be adequate-
ly trained to care for the equipment they’re using. The 
high value of cannabis oils tempts companies to push 
their systems beyond maintenance intervals.

DuraChill® overcomes these issues by utilizing a pat-
ented, self-changing, air-filter system that eliminates 
preventative maintenance by automatically chang-
ing the air-filter material. Additionally, DuraChill® pat-
ented capacitance Liquid Level Monitor continuous-
ly monitors the level of coolant fluid to protect the 
system’s pump and prevent freezing, drastically limiting in- 
field problems.
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“When I sell my customers PolySci-
ence chillers, failures only happen 
when someone puts water in the con-
denser and it cracks,” Kremerman 
said. “Otherwise, the chillers run non-
stop every day.”

DuraChill® also fea-
tures a patent-pend-
ing self-diagnostic sys-
tem that compares the 
chiller’s functionality to 
the day it was manufac-
tured. The system au-
tomatically adjusts for 
variances in ambient air 
temperature, fluid type, 
and other parameters. 
This feature allows compa-
nies to troubleshoot problems before 
they start, simply by pushing a button.

A New Quality Standard 
for Cannabis Oils
The latest innovations don’t stop at 
durability. It’s important to advance 
the quality of equipment—bet-

ter equipment cre-
ates better extracts 
and distillates. Tem-
perature stability and 
mechanical chillers like 
DuraChill® are critical 
to the underlying pro-
cesses of extraction 
and distillation.
“I don’t want to sell 

my customers old models 
because then they’ll only be 

able to produce oil that’s as 
good as an old model,” Kremerman 
said. “I want to sell my customers 

innovative products that are attacking 
the actual problem and creating a 
solution for better efficiency, better 
color, and better potency.”

Innovative Product Development
Philip Preston, president and lead 
engineer of PolyScience, is able to 
go beyond short-term profitability 
to solve novel problems for upstart 
industries like cannabis because the 
company is privately held. 

“I love to ask, ‘How can we take 
something that is a problem and 
totally eliminate it from the process?’” 
Preston said. “At PolyScience, we 
have that ability to invest in change. 
When developing our new chiller, 
we started designing a system that 
would automatically change the air 
filter for the customer once a month, 
so there’s enough filter material to 
keep the chiller happy for two years.

“Then we incorporated the self-test 
feature, whereby we profile and store 
all of the parameters of the chiller in 
the onboard memory—from time-to-
heat and stability to its cooling rate.” 
Preston continued. “This allows the 
chiller to assess its own functionality. 
DuraChill® makes it so all the informa-
tion is easily available through a full-
color touchscreen display.”

PolyScience’s innovative spir-
it matches the ethos of the canna-
bis industry. And while tempera-
ture control and reliable laboratory 
equipment may seem like mundane 
topics, the behind-the-scenes inno-
vation by companies like PolyScience 
leads the push for better and safer 
cannabis medicines.

FOR MORE INFORMATION:
EMAIL sales@polyscience.com or  
VISIT polyscience.com. 
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