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Overcoming 
Challenges 
of Cannabis 
Sample Prep 
Modern-day complexities for legacy 
methods

by Angelo DePalma

As prospects for legalized cannabis improve, equipment 
suppliers and gatekeepers of compendial standards 
must play catch-up to develop sample preparation 

methods suitable not only for this unique market, but also 
regulators.

Activity in sample prep will closely track instrumental 
methods as they emerge or are introduced. Although liquid 
chromatography (LC) and mass spectrometry (MS) will likely 
become the workhorses of cannabis testing, the field is ripe for 
innovation in instrumentation, which will directly affect how 
sample prep is carried out. For example, cannabis analyzers 
have been developed using mid-infrared (mid-IR) spectroscopy 
that are portable, easy to use, and provide cannabinoid and 
terpene profiles within two minutes.

One might wonder why, with gas and liquid chromatography 
readily accessible, and hyphenated mass spectrometry 
one additional purchase order away, anyone would bother 
with a legacy technique like infrared, with its complicated 
“fingerprint” spectra. Preparing samples for chromatographic 
analysis involves weighing, grinding, extraction, vortexing, 
dissolution, filtering, and often even more steps. When 
combined with attenuated total reflectance sampling, mid-IR 
requires little in the way of sample preparation, yet mid-IR is 
quantitative.

Physical inhomogeneity is the first challenge analysts face with 
plant samples. Given the complexity of the cannabis value 
stream, labs are often looking to quantify several cannabinoids. 
Non-cannabinoid constituents like lipids, acids, metals, and 
adulterants are also involved, with varying degrees of impact 
on product quality.

Add to this the fact that plant tissues sequester constituents of 
interest at different levels. Cannabis consists of leaves, seeds, 
and flowers. Most analytical methods require the sample to 
be in solution at the correct concentration range. Therefore, 
the ultimate challenge for cannabis sample prep is to turn the 
non-homogenous plant material into a homogenous solution for 
analysis.

On top of sample issues, laboratories must deal with national 
prohibitions and widely variable local laws. Cannabis products 
are generally illegal in the United States, so shipping even 
tiny samples with THC concentrations above 0.3 percent is a 
federal crime carrying stiff prison terms. Laboratories used to 
purchasing reference standards from the U.S. National Institute 
for Standards and Technology (NIST), or shipping samples to 
colleagues in the next state for validation purposes, hit a dead 

 Cannabis Resource Guide



3Lab Manager 

end with cannabis. 

While NIST has an official, traceable green tea standard that has 
been well analyzed, the agency cannot get involved in cannabis 
testing. The nongovernmental standards organizations USP and 
AOAC have, however, initiated cannabis analysis programs.

Method Fragmentation

Lack of contact among researchers and analysts has led to 
method fragmentation. There is little standardization across the 
cannabis testing industry. Everyone has LCs and GCs that are 
meticulously calibrated with pure standards, but if your sample 
preparation is off than your numbers are meaningless.In one 
study aimed at identifying pesticides using the standard QuEC-
hERS method developed for produce, the author submitted 
identical samples to five state-certified cannabis testing labs with 
ISO certification, which failed to detect close to 80 percent of the 
adulterants.

These failures can likely be attributed to variations in sample 
preparation. For example, different labs will start with different 
quantities of material, homogenize them differently, and then 
store them in whatever way they decide is best. This variabil-
ity can have a huge impact when labs then analyze the same 
samples.

Part of the problem is that the cannabis industry has inexperi-
enced individuals running labs and performing sample analysis. 
Cannabis is a pharmaceutical so it should be tested as such. 
Those performing cannabis testing should require the same 
education and designations as individuals performing pharma-
ceutical testing.

Other researchers note that QuEChERS was developed by 
USDA chemists for pesticide analysis in produce, not cannabis. 
Since its establishment, continued development has improved 
the ability of QuEChERS to accommodate high levels of fats and 
pigments. Because it is robust and easy to perform, QuEChERS 
will likely emerge as the go-to extraction method for isolating 
pesticides from cannabis samples.

We’re not there yet, but since QuEChERS originally targeted 
plant-based materials, one can expect improvements. As the de-
mand for cannabis analysis increases, cannabis-specific QuECh-
ERS kits will start to emerge. The beauty of this method is that 
a single sample preparation method allows for the isolation of all 
pesticides of interest.

Method Multiplicity

Testing cannabis for moisture, water activity, microbial enumer-
ation (E. coli, salmonella, bile-tolerant gram-negative bacteria), 
mycotoxins, pesticides, cannabinoids, terpenes, residual solvents, 
and heavy metals involves a wide variety of sample preparation 
methods. For water activity/moisture, a hand grinder can be 
used. For bacteria testing, the sample can be put in media then 
plated and incubated for 24-48 hours. For mycotoxins, different 
media is used. For pesticides, QuEChERS can be used with an 
acetonitrile solvent and solid phase extraction. Alcohol can be 
used to extract terpenes and cannabinoids while headspace in-
jection and gas chromatography with flame ionization detection 
are used for solvents.

Extraction of some kind is performed in almost all cases, but care 
must be taken not to miss anything. Cannabis is a complex ma-
trix and some components such as pesticides and mycotoxins can 
be difficult to extract because of their low concentrations. Even 
cannabinoids can be difficult to deal with, especially in edibles 
because there are so many other ingredients. The goal is always 
to break down the sample matrices without compromising the 
active ingredients that individuals are actually trying to detect.
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What’s Your 
Dose? The 
Challenges 
of Cannabis 
Potency 
Testing
Cannabis potency varies between products, 
and different analytical methods are used to 
quantify active ingredients and 
contaminants

by Michelle Dozert

The cannabis industry is booming, thanks to recent and 
ongoing legalization. Recreational cannabis use is legal 
in several states, and medical use is legal in 28 states. It 

was also recently legalized across Canada in 2018. Cannabis has 
shown promise as a pharmacotherapy for various conditions, 
including pain and spasticity related to multiple sclerosis, and 
its use in palliative oncology is well documented. Qualified 
professionals are in high demand as production escalates, and 

there are now even Commercial Cannabis Production col-
lege programs designed to produce well-trained candidates.
In addition to meeting rapidly increasing demand, producers 
face increased pressure to complete potency testing, espe-
cially following a reported spike in emergency room visits 
following legalization. Accurate potency testing is challenging, 
as cannabis products take many forms, ranging from flowers 
and concentrates for smoking to oils and tinctures, candy, and 
baked goods, and they consist of thousands of different com-
pounds. Sample preparation is an important consideration to 
ensure accurate analyses and to protect scientific instruments. 
In addition to potency, testing for contaminants such as heavy 
metals, pesticides, and mycotoxins may also be required. Dif-
ferent chromatography techniques are widely used and enable 
potency and contaminant testing of different cannabis products 
to ensure consumer safety.

What’s in Your Weed?

∆9-tetrahydrocannabinol ( ∆9-THC or THC) is the prima-
ry psychoactive compound in cannabis. It acts on receptors 
in the brain to alter neurotransmitter release, producing the 
characteristic sensation of being “high.” Cannabidiol (CBD) is 
thought to have antagonistic effects that can protect against the 
adverse effects of THC. THC and CBD are two of more than 
100 different cannabinoids and are subject to the most scientific 
research. Cannabis also contains terpenes, which are volatile 
unsaturated hydrocarbons that impart the unique aromas asso-
ciated with different strains.

Whether addressing medical cannabis patients or recreational 
adult users, an accurate understanding of the dosing of primary 
ingredients is important to support the cannabis community 
and research of the associated clinical effects. For medical 
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cannabis patients, predictable ‘cause and effect’ through precise 
dosing is required, along with minimizing unwanted impurities 
that could do harm. Potency testing for cannabis produced for 
recreational use is important in order to meet cultural needs. For 
alcohol, one shot (43 mL) of 80-proof alcohol, a 12 oz. bottle of 
five percent beer, and a five oz. glass of 12 percent wine all con-
tain 19 mL of ethyl alcohol. This model of standardization makes 
it possible for the consumer to determine their desired dose, and 
a similar model may also be useful for cannabis. Data from the 
National Institute on Drug Abuse indicates cannabis potency 
has increased from 3.7 percent in the 1990s to 9.6 percent by 2013 
due to various factors, which could make it difficult for new users 
to choose a dose without potency data.

Cannabis Potency Testing and Its Challenges

As it is available in numerous forms, cannabis is a challenging 
product to analyze. It consists of hundreds of different 
compounds, each with known or suspected psychoactive 
effects, and it can be consumed via smoking, through oils and 
tinctures, or in food products. The cannabis industry evolved 
out of an illegal black market, wherein set agricultural protocols 
were never established by the USDA/FDA. In addition, a 
wider array of analyses must be performed. There are many 
unusual processes used in growing and extracting cannabis. 
The introduction of foodstuffs not typically allowed in other 
drug-type pharmaceuticals further complicates the testing 
process. There are techniques that can accurately quantify the 
concentration of active ingredients, and ongoing work is aimed 
at developing standardized testing protocols.

Gas chromatography (GC) and high-performance liquid 
chromatography (HPLC) are powerful techniques frequently 
used for cannabis potency testing. Both these methods use a 
variety of different configurations and detectors. They are often 
coupled with a detection method such as mass spectrometry.

Each method is best suited for different sample types; HPLC is 
best suited for liquids and edible materials, and GC is ideal for 
flowers and concentrates. Samples undergoing HPLC analysis 
are not heated, and as such, it is possible to detect the THC 
precursor, tetrahydrocannabinolic acid, and the CBD precursor, 
cannabidiolic acid (CBDA) to obtain total THC and CBD 
values. GC is suitable for the detection of THC and CBD that 
result from the decarboxylation of THCA and CBDA, similar 
to what occurs when these products are heated for smoking. 
GC generally provides more rapid analysis. However, the 
development of a novel liquid chromatography-tandem mass 
spectrometry method enables analysis in under 10 minutes.

Testing Other Compounds and Contaminants

In addition to quantifying the active ingredients such as THC 
and CBD, examining other compounds in cannabis such as 
terpenes, mycotoxins, heavy metals, and pesticides can ensure 
consumer safety. Cannabis is a phytoremediation plant and can 
readily absorb many chemicals present in soil and water. For 
example, northern California soil contains metals associated 
with mining while southern California soil still contains 
pesticides used from the 1920 to the 1970s that were never 
designed to break down over time.

Terpenes present in cannabis, such as limonene and myrcene, 
impart unique aromas. While there is no conclusive evidence, 
they could contribute to some of the mood effects associated 
with consumption. Terpenes are also difficult to identify and 
quantify with confidence using standard methodology. The 
diversity of chemical structures means the terpenoids act 
similarly to a many different chemicals including pesticides, etc., 
confusing results. Off-the-shelf protocols for instruments rarely 
work effectively at differentiating and identifying similarities 
between these compounds. For this reason, a lot more time and 
energy go into analyzing terpenoid-rich plants like cannabis.

There is no single analytical method to assess cannabis 
potency, terpene, and contaminant content. Development 
is constantly ongoing–cannabis testing starts with well-
known analysis protocols and then adapts those protocols to 
maximize identification and quantitation of both ingredients 
and contaminants alike. Chromatography techniques can be 
modified by several variables, including mobile and stationary 
phases, pressure, flow rate, carrier gas, etc. This contributes 
to their versatility but may also account for the significant 
variability between protocols for cannabis testing. As laws 
surrounding cannabis use continue to evolve, so too do the 
analytical methods used to ensure consumer safety.
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Potent Solutions for Your Budding Lab 

Advion offers integrated solutions for potency and safety with the 
expression Compact Mass Spectrometer (CMS), AVANT (U)HPLC, 
and SOLATION ICP-MS including analysis and quantification of  
cannabinoids, pesticides, and heavy metals. Take advantage of   
Advion’s full product line to execute a variety of  screening and 
quantitative regulatory tests including:

• Full spectrum cannabinoid analysis, including CBDA, THCA, 
CBD, THC, and CBN testing, ideal for determination of  optimal 
potency and harvest times.

• Pesticide detection and quantitation.

• Simple, robust trace metal analysis including arsenic, cadmium, 
lead, and mercury.

• A wide range of  sample introduction techniques to easily introduce 
all cannabis and hemp plant materials, edibles, tinctures, tablets, oils 
and more.

Learn More
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Integrated Solutions for Potency and Safety with the
expression Compact Mass Spectrometer, AVANT (U)HPLC and SOLATION ICP-MS

Potent Solutions For Your Budding Lab

Advion.com/Cannabis  •  info@advion.com
For research use only under applicable state and country laws.

https://www.advion.com/applications/cannabis/
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Challenges 
of Cannabis 
Contaminant 
Testing
Difficult matrix, complex products, uncertain 
standards

by Angelo DePalma

Testing cannabis for contaminants could be the easiest 
thing in the world if it weren’t for the many difficulties—
some technical, some legal. Like all herbals, marijuana is 

a product of its environment, which may contain any number 
of nasty chemicals, metals, molds, and bacteria. Depending on 
the intended use, pot’s main psychoactive component, tetra-
hydrocannabinol (THC), may itself be considered undesirable 
or even a contaminant. Products formulated for sedation or 
recreation tend to be high in THC and low in cannabidiol 
(CBD), whereas immunomodulatory or anti-inflammatory 
preparations stress CBD content.

Concentrated extracts used to formulate tinctures, foods, 
and recreational products present additional contamination 
possibilities arising from the extraction process and solvents 
used.

Cannabis testing labs can rely on established methods for 
most impurities. The challenge will be to accurately test 
unique finished products, like edibles. Producers and testers 
face challenges in method validation or verification to ensure 
accurate measurements so they can prove that their edible 
product contains what the label claims. In one instance, a 
producer whose preferred medium was chocolate – relatively 
simple as analytical matrices go – sent their product to five 
different testing labs and got back five widely variable results.

A further complication: both THC and CBD exist in the plant 
as inactive carboxylates, THCA and CBDA, respectively. 
Heating above 105 degrees Celsius liberates carbon dioxide 
to generate the active forms of THC and CBD, but ingestion 
of raw cannabis does not. For oral dosage forms, THCA and 
CBDA can predominate, so their quantities must be measured 
individually.

Sampling in ways that minimize the complexity and 
heterogeneity of cannabis plants will be critical to establishing 
analytical standards. The marijuana plant is a difficult 
matrix on its own, with significant heterogeneity of chemical 
constituents within the plant. Formulating cannabis into food 
products complicates analysis even more.

Although 30 US states provide for medical marijuana use, 
and even though recreational use has been decriminalized in 
many jurisdictions, possession and transportation of cannabis 
across state lines remains a federal crime. Pot’s illegality—the 
“third dimension” in establishing good analytical practices for 
the growing marijuana product market—introduces danger 
and intrigue into what would normally be the free exchange 
of samples, standards, and know-how and the eventual 
advancement of cannabis analytics.
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Most jurisdictions in the US, Canada, and Mexico have settled 
on testing for an array of potential contaminants, including 
pesticides, mycotoxins, microbiologic pathogens, gross 
contaminants, and heavy metals. Testing requirements vary 
significantly, however, from state to state.

Secondary Constituents

In addition to CBD and THC, dozens of other cannabinoids 
have been uncovered, some with medicinal properties. Most 
exist in the acidic carboxylated form as well. Particular 
jurisdictions require testing for secondary constituents while 
others do not. Some of these chemicals are medicinally relevant 
and some aren’t, so their future status as “ingredients” or 
“contaminants” remains unclear.

Other components such as terpenoids and flavonoids, which 
contribute fragrance and flavor to smoked and edible pot 
products, might at some point be designated as quality attributes 
or contaminants, in much the same way as related compounds 
are now recognized as such in foods.

Since many concentrated cannabis products involve extraction, 
residual solvents are one type of contaminant for which 
numerous testing protocols already exist. Supercritical 
carbon dioxide is often used because it evaporates quickly 
and completely and is medically innocuous. Butane, another 
common solvent, also evaporates at standard temperature 
and pressure. Most jurisdictions impose parts-per-thousand 
concentration limits on common solvents like hexane, acetone, 
and ethanol, and parts-per-million or parts-per-billion limits on 
riskier solvents. Generic lists of volatile compounds include 60 or 
more options, but many of them should never be used to extract 
products for human consumption.

Contaminant concentrations are measured absolutely, based on 
the weight of plant matter and adjusted for water weight, which is 
about 10 percent for cured cannabis. A separate microbiological 
test also quantifies water activity, which is the partial water 
pressure of the sample divided by the partial pressure of pure 
water at the same temperature and pressure.

Pesticides

Over the past several years, food scientists have adopted 
QuEChERS, the acronym for a pesticide extraction method 
that is fast, easy, cheap, effective, rugged, and safe. As a front 
end for analysis by liquid chromatography– tandem mass 
spectrometry (LC-MS-MS), QuEChERS has been applied to 
pesticide analysis for cannabis. Reporting in LCGC, authors 
found that QuEChERS performed well for multiresidue 
pesticide analysis, as shown by acceptable recoveries and 
relative standard deviations for nearly the entire panel (150+) of 

pesticides. “Detectability for most compounds was sufficient, and 
quantitation using matrix-matched calibration was important 
because of the complexity of the cannabis matrices and the high 
cannabinoid content that remained in the final extract,” the 
authors write.

While off-the-shelf methods have been developed by 
agricultural and food scientists for VOCs, pesticides, and heavy 
metals, testing for pesticides introduces complications. Pesticide 
testing requires investigation of many different compounds 
at once, each with different polarities and functionalities. 
QuEChERS tends to deplete samples of specific compounds 
that may be of interest. Cannabinoids and terpenoids might be 
difficult to separate from pesticides, making low detection limits 
more difficult to achieve for cannabis than other plant samples. 
In summary, it might be difficult to find a method for pesticide 
analysis that does not also negatively impact other analyses.

Standards and Legality

A number of organizations are working to develop regulations 
or recommendations for cannabis testing. But as of this writing, 
no definitive authority exists. Every state, and even municipality 
in some cases, has its own guidelines and legislation. 
Organizations that one would normally turn to— USP and 
FDA for pharmaceuticals and EPA for environmental toxins, 
for example—are not much help when the product is cannabis. 
Many states have even overlooked what other jurisdictions have 
done so they end up making the same mistakes over and over. 
A serious meeting of minds is required to fix this patchwork of 
regulations.

The prohibition on interstate commerce in cannabis has 
led some testing labs to unusual business models. Instead of 
establishing a few core facilities in strategic locations, companies 
set up autonomous laboratories in every jurisdiction in which 
cannabis products enjoy legal status. This model may seem like 
duplication to the extreme, but it is currently the only way to 
exploit the unusual status of cannabis in the US.

One positive outcome of this approach is that as states confer 
broader legal status on cannabis products, national testing 
labs will be in the position to advise them on what has worked 
elsewhere and what has failed. And if, as some hope, the federal 
government eventually creates a friendlier business climate 
for marijuana products, these companies are well placed to 
participate in formulating guidance and establishing methods for 
both active ingredient and impurity analysis.

Eventually, producers in need of one-off analyses may be 
able to turn to analytical service organizations specializing in 
environmental or food science. However, due to the complexity 
of the cannabis matrix, its anticipated medical indications, and its 
numerous dosage forms, it is more likely that cannabis specialty 
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labs will be the norm.

Professionals predict that cannabis testing will eventually be 
commoditized. Cannabis testing labs will not be huge money-
makers and won’t be the high-value activity that production 
is. As with other testing markets, producers want to limit the 
negative economic impact of testing. 

The difference under unconditional legalization would be 
more readily established FDA, USDA, and EPA rules applying 
to various stages of production and more easily transferred 
analytical methods. Once marijuana is legal, many barriers will 
fall. However, details will matter when it comes to making a 
marijuana testing service economically viable. 

By the Book 

Labs interested in the testing market should do things by the 
book. Production facilities should comply with current Good 
Manufacturing Practices (GMP) standards, a series of guidelines 
followed by pharmaceutical manufacturers to assure product and 
laboratory quality. Testing facilities should also obtain ISO 17025 
accreditation, a requirement for operating a cannabis facility in 
California. This accreditation specifies the general requirements 
for the competence to carry out tests and/or calibrations, such 
as sampling. It covers testing and calibration performed using 
standard methods, nonstandard methods, and laboratory-
developed methods. ISO 17025 should be the starting point for 
demonstrating a testing lab’s capabilities, despite the fact that 
some states require this accreditation while others do not. State 
regulations vary on the required analytes, which complicates the 
establishment of standard analytical methods.

Learning from Canada 

With pot poised for unrestricted legalization in Canada by 
year’s end and given Canada’s pre-eminence on issues of patient 
and consumer safety, one would expect that US jurisdictions 
could benefit from the experience of their neighbor to the north. 
However, Canada is still sorting things out.

Issues still unresolved include marketing of edible products 
to which children may easily gain access, which could boost 
prospects for more traditional labs to get involved in cannabis 
testing, particularly for pesticide and heavy-metal testing that 
they already do quite well for other industries. Success will 
depend on arriving at standards, however.

In the US, reaching a nationally recognized, standard analytical 
method for pesticide screening that meets each state’s 
requirements will be difficult. For example, California requires 
testing for approximately 70 specific pesticide residues, but other 
states can require a more- or less-extensive list. Depending 
on the pesticide panel, a lab may need to carry out several 

extractions and even use multiple method platforms to measure 
all the required compounds.

Cannabis growers and dispensaries benefit tremendously from 
the testing performed at independent laboratories. This testing 

determines potencies, reduces the risk of contamination, and 
improves product quality. Routine cannabis testing services 

include cannabinoid potency testing, terpene profiling, 
pesticide screening, residual solvents, heavy metals, and 

moisture content.

It is a critical indicator of the possibility of microbiological contamination. The 
moisture content of a variety of cannabis samples can be measured using a 

moisture analyzer.

Moisture Content

Potency TESTING

CBD cbn thc

Most labs quantitate levels of at least three major cannabinoids: THC, CBD and 
CBN and their di�erent forms (carboxylated vs decarboxylated).  You can use 

gas chromatography (GC), GC-FID and GC-MS, as well as HPLC to determine 
these levels. Potency testing accompanied with proper product labeling is 

needed to ensure that customers know exactly how much of the cannabinoids 
they are consuming.

An enormous number of pesticides are available in the commercial 
marketplace, and no lab can test for all of them. While there are currently 

no guidelines for residual pesticide screening in cannabis, most labs test for 
the most common pesticides employed during cannabis cultivation: 

organophosphates, carbamates, pyrethroids, and avermectins. GC-MS is 
the preferred instrumentation platform for such testing.

Pesticide Screening

WARNING

Terpenes are all flavor and fragrance components common to human diets. 
Terpene profiling is crucial for di�erentiating between strains of cannabis, as 
terpenes have a major influence on the medical and psychological e�ects of 

the plant. Mass spectrometers or GC-FID are used to test for over 35 
commonly found terpenes.   

Terpene Profiling

Heavy metals analyses generally include the big four of lead (Pb), 
mercury (Hg), cadmium (Cd), and arsenic (As), which can be tested for 

with an AA spectrophotometer, and ICP-MS. 

Heavy Metals

Cadmium

112.41

Mercury

200.59

Lead

207.2

Arsenic

74.922

Hydrocarbon gases like butane and propane and organic solvents like 
ethanol, isopropanol, and hexane are used to extract the essential oils out of 
cannabis to create highly concentrated, purified extracts. Residual solvents 
are the solvents that remain in cannabis oils, shatters, waxes, and budders 

after these extractions, or after post-extraction processes such as 
winterization. Residual solvent testing is done on a GC-FID with headspace 

sampler; GC-MS can also be used.

Residual Solvents

OH

h3c ch3

limonele

myrcene

lINALOOL

A-PINENE

Download the full infographic 
compliments of Lab Manager

The Importance 
of Cannabis Testing

Infographic  

https://go.labmanager.com/cannabis-testing


10Lab Manager 

 Cannabis Resource Guide

Handling 
Controlled 
Substances in 
the Lab
The heart of good controlled substance 
management is a comprehensive written 
program

by Vince McLeod

In the broad realm of research laboratories, some may deal 
with narcotics, stimulants, depressants, hallucinogens, ana-
bolic steroids, or other chemicals used in the production of 

drugs. These are commonly referred to as “controlled substanc-
es” (i.e., they are strictly controlled by federal regulations). If 
we are using any of these materials in our research, (e.g., animal 
research, or practices such as veterinary services), then we need 
to be very careful in how they are secured and accounted for.

Controlled Substances Defined

The term “controlled substances” refers to drugs and other 
substances listed on one of the five schedules published in 
the Controlled Substance Act, Title 21 Code of Federal 
Regulations, Parts 1308.11 through 1308.15.1 Chemical 

substances are placed on the schedules based on three primary 
characteristics: currently accepted medical treatment use in 
the United States, relative abuse potential, and likelihood of 
causing dependence when abused. Below are simple definitions 
of each schedule and a few common examples of each 
substance.

I. Schedule I substances have no currently accepted 
medical use in the US, a high potential for abuse, 
and a lack of accepted safety for use under medical 
supervision. Examples include heroin, LSD (lysergic 
acid diethylamide), marijuana (cannabis), and ecstasy 
(methylenedioxymethamphetamine).

II. According to 21 CFR 1308.12, Schedule II substances 
are primarily narcotics or stimulants that have a high 
potential for abuse, which may lead to severe psychological 
or physical dependence. Narcotic examples include 
codeine, hydrocodone, morphine, opium, barbitals, 
and the well-known oxycodone (OxyContin, Percocet) 
and hydromorphone (Dilaudid). Stimulant examples 
include amphetamines (Dexedrine, Adderall) and 
methamphetamine (Desoxyn).

III. Schedule III substances have less potential for abuse 
than do Schedule I or II substances, and abuse may 
lead to moderate or low physical dependence or high 
psychological dependence. These include products 
containing not more than 90 milligrams of codeine per 
dosage unit (Tylenol with Codeine) and buprenorphine 
(Suboxone). An anabolic steroid such as Depo-
Testosterone is an example of a non-narcotic Schedule III 
substance.



11Lab Manager 

 Cannabis Resource Guide

IV. Substances in this schedule have a lower potential for abuse 
than do substances in Schedule III. Examples include 
alprazolam (Xanax), carisoprodol (Soma), and diazepam 
(Valium).

V. Schedule V substances have a lower potential for abuse than 
do substances listed in Schedule IV and consist primarily 
of preparations containing limited quantities of certain 
narcotics. Examples include cough preparations containing 
not more than 200 milligrams of codeine per 100 milliliters 
or per 100 grams (Robitussin AC, Phenergan with Codeine).

However, we need to understand that the controlled substance 
schedules currently list approximately 160 specific substances, 
and the schedules do not constitute a comprehensive listing of all 
controlled substances. 

The schedules describe only basic or parent chemicals and 
do not list all the salts, isomers, and salts of isomers, esters, 
ethers, and derivatives that may be controlled substances.For 
example, if a substance is an analogue and is structurally or 
pharmacologically substantially similar to or is represented 
as being similar to a Schedule I or Schedule II substance and 
is intended for human consumption but is not an approved 
medication in the US, it can be treated as a Schedule I substance 
for criminal prosecution.

Management Plan

The main focus and important information you should take away 
from this article is that before you begin using any controlled 
substance in the lab, you should have all the appropriate 
licenses and registrations and have a robust program in place for 
managing and safeguarding these materials.

The heart of good controlled substance management is 
a comprehensive written program. Your certified safety 
management practitioner (CSMP) should address everything 
from acquisition to final disposal and include vigorous training, 
security, record keeping, and follow-up. It should clearly list the 
responsibilities of all stakeholders such as the CS coordinator, 
principal investigators, and other authorized personnel. Clearly 
indicate the steps for purchasing, receiving, storing, and disposal. 
Place extra attention on access restrictions, personnel screening, 
spill procedures, and handling diversion, loss, or theft.

Licensing and registration are critical and must be secured prior 
to any acquisitions. After you obtain your state license, you need 
to then register with the federal Drug Enforcement Agency 
(DEA). Excellent step-by-step instructions with explanations 
are provided on the DEA registration website. Pay attention to 
your specific research requirements for both state and federal 
applications. The registration is an absolute must, so make sure 
to apply early. State licenses usually renew every two years, 

whereas the DEA registrations must be renewed annually.

Set up your on-site tracking following your CSMP, beginning 
with receiving material through inventory listing, storage, and 
control during dispensing and ending with use or disposal record 
keeping. Do not underestimate the importance of safe, secure 
storage with tightly controlled access.

Finally, make sure your program has well-documented disposal 
procedures. You must understand that controlled substances are 
not considered hazardous waste, biological waste, or regulated 
medical waste. Therefore, they cannot be disposed of through 
your normal biological/medical/hazardous waste programs. 
Your CSMP should have requirements to return all unused or 
expired material to the original manufacturers or distributors 
or to set up reverse distributors—specialty contractors 
knowledgeable and approved for handling controlled substances.

Disclaimer

This article is intended to address the use of controlled 
substances in research, instruction, and analytical laboratories. 
The suggestions may be applied to medical clinical activities, 
medical veterinary hospitals, or pharmacies, but these are 
governed by federal and state accrediting and regulatory 
agencies and are subject to review and audit by those agencies.
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Cannabis Lab 
Design
The unique security, regulation and 
instrumentation requirements of a cannabis 
testing lab

by Lauren Everett

The cannabis industry is booming in the US, and many 
scientists are jumping at the chance to develop high-
quality testing facilities to meet the growing demand. 

Cannabis-testing laboratory revenues in the US are expected 
to reach $850 million by 2020, according to independent 
investment research and advisory firm GreenWave Advisors. 
But cannabis laboratories have a unique set of design 
requirements, regulations, and equipment that must be 
considered.

Whether you are converting an existing lab to accommodate 
cannabis testing or building from scratch, it is important to 
assemble a team of experts to guide you through the process. 
Seek out an architecture firm that specializes in cannabis 
laboratories, as they will know the special infrastructure 
requirements needed. They may also collaborate with 
engineers or custom lab furniture manufacturers who can help 
resolve design challenges or answer logistical questions.

Safety and Security

Security and cleanliness are two of the most important factors 

to address when constructing a cannabis-testing lab. Mandated 
security requirements may vary by state, but at a minimum, the 
lab should be equipped with 24-hour video surveillance and 
alarm systems and have on-site security. Entry into and out of 
the facility should require a special access card or another form 
of identity authentication to prevent any unauthorized persons 
from entering.

Testing labs should also be sterile to avoid any contamination 
issues or safety hazards. Personal protective equipment is an 
obvious first step to ensure staff and the products they are 
working with remain safe. The chemicals commonly used in a 
variety of cannabis-testing procedures can corrode or damage 
furnishings, so be sure to select furniture and surfaces that 
are designed to withstand harsh chemicals and that are easily 
cleanable.

Lab managers should also know how much solvent they plan 
to store on-site and how much future storage they will need if 
the design plan includes a multistage buildout. Extraction is 
where safety is most important as many solvents used in these 
processes are hazardous. Each state has differing local storage 
and handling regulation of hazardous material. Check with 
your local fire marshal to make sure you can use the extraction 
method you want, whether CO2, ethanol, or hydrocarbons, 
which often require class one division one rooms. Other 
considerations include facility sprinkler systems, airborne 
solvent monitoring systems, HVAC, electrical requirements, 
and hazardous waste storage and disposal.

Equipment and Software

Most of the instruments needed to carry out cannabis testing 
and analysis are already very familiar to experienced analytical 
chemists—high-performance liquid chromatographs (HPLC) 
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are the most widely acceptable means of testing cannabis for 
potency; mass spectrometers (MS) can test for pesticides; and 
real-time polymerase chain reaction (qPCR) units can be used 
for terpene, contaminant, and strain testing. But those working 
in a cannabis lab may not have the same expertise or skill 
sets as traditional chemists. For example, a plant biologist or 
agricultural biologist may not be accustomed to working with 
such analytical equipment. As a result, equipment manufacturers 
are starting to develop products specifically designed for 
cannabis testing. 

When searching for specialized cannabis testing equipment, lab 
managers should find a manufacturer that is “all-in” and ready to 
support the product for cannabis application. Cannabis may be 
legal at the state level, but not at the federal level and as a result, 
some instrument manufacturers are only dipping their toe into 
the cannabis market. For example, some of these manufacturers 
may support food, environmental, or pharmaceutical 
applications. But the cannabis plant is very complex and contains 
over 500 compounds. For this reason, a history of analytical 
cannabis-testing experience should be required from the 
manufacturer.

Laboratory information management systems (LIMS) have 
become a necessity in all types of laboratories, and cannabis-
based labs are no exception. However, these specialized labs 
benefit from additional features that are not necessarily included 
in more general LIMS. Some examples include preloaded 
compliant test protocols, labels, and reports optimized and 
readily adjustable for the rapidly changing industry; optimized 
sample loading screens including differentiation between 
medical and recreational marijuana; and tools for creating new, 
compliant test protocols, labs, and reports.

States now also require seed-to-sale software programs for 
cannabis production labs to keep a complete record of a specific 
plant’s journey— from cultivation through processing and 
manufacturing to point of sale—which ensures labs are staying 
compliant with regulations. A variety of seed-to-sale software 
programs are available, and many offer additional features and 
add-ons, so be sure to find the best fit for your needs.

An Evolving Industry

Changing regulations and an ever-evolving industry landscape 
can greatly influence the design and operation of cannabis-
testing labs. When designing your facility, consider where you 
want to be a few years down the road. This will help you avoid 
costly reconstruction, which can also hamper your productivity. 
Lab staff should keep an open mind and develop a flexible design 
plan that can easily adapt to future changes, additions, and new 
regulations.

Download the full infographic 
compliments of Lab Manager
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Infographic  
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