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Cannabis
Agilent solutions are at the forefront of analytical screening efforts to accurately test medicinal and 
recreational cannabis. States that have passed laws permitting usage of medicinal and recreational 
marijuana are now requiring rigorous testing to assure the safety and quality of retail products.

From routine analysis to cutting edge research, Agilent’s portfolio works seamlessly for maximum 
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Potentially harmful pesticides may be present in cannabis crops and extracts. It is 
therefore crucial that analytical monitoring of pesticide levels in cannabis takes place in 
order to assure consumer safety and improve testing standards for regulatory bodies.1

Pesticides and Mycotoxins

Canada and U.S. states that have legalized 
the use of medicinal or recreational marijuana 
require cannabinoid quantitation for total 
potency and cannabidiol. In some US. States, 
other cannabinoids are also regulated.These 
include cannabinol(CBN) and cannabigerol(CGB). 

Contamination with heavy metals such as 
arsenic, lead, cadmium, and
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fragrance of cannabis. Terpenes have 
also been used as a means of more

Cannabis concentrates derived from 
the plant may contain solvents used 

in the extraction process. Residual 
solvent testing is required to ensure 

these volatile chemicals do not 
exceed levels deemed to be harmful 

to consumer’s health.7

Potency

Heavy Metals

Terpenes

Residual Solvents

As the global innovator of laboratory technologies, Agilent 
CrossLab has created the ultimate, collaborative suite of 
world-class services, supplies, and software depended on by 
more than 260,000 labs around the world.

Contact Agilent to learn more about our 

cannabis testing solutions. 

Visit: agilent.com/chem/cannabis

1. Sullivan, Nicholas et al. Determination of Pesticide Residues in Cannabis Smoke. Journal of Toxicology 378168, 2013
2. Morales, Paula et al. Molecular Targets of the Phytocannabinoids - A Complex Picture. Progress in the Chemistry of Organic Natural Products 2017; 103: 103-131
3.  Tangahu, Bieby et al. A Review on Heavy Metals (As, Pb and Hg) Uptake by Plants through Phytoremediation. International Journal of Chemical Engineering 939161,  

2011: 31
4.  McPartland, John et al. Contaminants of Concern in Cannabis: Microbes, Heavy Metals and Pesticides. Botany and Biotechnology 2017: 457-474

5.  Russo, Ethan. Taming THC: potential cannabis synergy and phytocannabinoid-terpenoid entourage effects. British Journal of Pharmacology 2011; 163(7): 1344-1364 
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2017; 2(1) Farrer, David. Technical Report: Oregon Health Authority’s Process to Determine Which Types of Contaminants to Test for in Cannabis Products and Levels for Action. 2015
7.  Farrer, David. Technical Report: Oregon Health Authority’s Process to Determine Which Types of Contaminants to Test for in Cannabis Products and Levels for Action. 2015

metals such as 
d

Microbial Testing
The presence of dangerous pathogens in 
cannabis poses a potential

Agilent products and solutions are intended to be used for cannabis quality control and safety testing in laboratories where such use is permitted under state/country law.

nes have 
of more

accurately identifying and 
characterzing cannabis 
cultivars.5,6

threat to consumers if 
those microbes synthesize 
toxigenic mycotoxins.

mercury, poses severe danger 
to human health. Cannabis 
products must therefore be 
rigorously tested to assure 
consumer safety. 3, 4

www.agilent.com/chem/cannabis
www.agilent.com/chem/cannabis
www.agilent.com/chem/cannabis
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GW Pharmaceuticals Report 

for the Second Quarter of 2019

GW Pharmaceuticals plc (London, UK and Carlsbad, Cali-

fornia) recently announced the company’s fi nancial results 

from the second quarter of 2019. The top points highlight-

ed by the company were that U.S. net sales of Epidiolex 

were $68.4 million and the positive opinion from Europe-

an Medicines Agency’s (EMA) Committee for Medicinal 

Products for Human Use (CHMP) on Epidyolex clears the 

way for an expected European approval in October 2019.  

“We are pleased to report a strong second quarter of 

sales of Epidiolex in the U.S., refl ecting high demand by 

U.S. patients, increased prescribing by healthcare provid-

ers, and ongoing progress in payor coverage determina-

tions. With the recent positive Phase 3 trial in Tuberous 

Sclerosis Complex [TSC], we expect to submit an sNDA 

[supplemental new drug application] by the end of 2019 

with the goal of expanding the Epidiolex label and market 

opportunity to include both children and adult patients 

with TSC, a highly treatment-resistant condition,” stated 

Justin Gover, GW’s Chief Executive Offi cer. 

According to the company, more than 12,000 patients 

have received Epidiolex prescriptions since launch and 

more than 2500 physicians have generated dispensed 

prescriptions since launch. The company also states that 

the vast majority of patients who have received Epdiolex 

remain on therapy.

“In Europe, we are pleased to have recently received 

the positive opinion from the CHMP which clears the 

way for an expected approval in October. Our Europe-

an commercial organization is in place and will be ready 

to launch in the fi rst European markets upon approval, 

making this important new treatment option available to 

deserving European patients,” said Gover.

The European-version of the drug (called Epidyolex) 

will be used as adjunctive therapy of seizures associat-

ed with Lennox-Gastaut syndrome (LGS) or Dravet syn-

drome, in conjunction with clobazam, for patients 2 

years of age and older. GW Pharmaceuticals expects a 

fourth quarter launch in France, Germany, and UK, with 

Spain and Italy launches to follow in 2020.

University of the Sciences 

Launches Cannabis MBA Program

University of the Sciences (USciences, Philadel-

phia, Pennsylvania) announced a new program for 

students interested in the cannabis industry: a spe-

cialized Cannabis Industry Masters of Business Ad-

ministration (MBA) option (1). Enrollment is currently 

open with online courses set to begin in September.

According the University, the coursework is an op-

tion of USciences’ specialized MBA in pharmaceuti-

cal and healthcare business, which is a hybrid cur-

riculum with students taking courses online with 

occasional visits to campus. The “Cannabis Indus-

try Option” MBA is reportedly the first of its kind in 

the U.S., offering education in the business of canna-

bis, hemp, and dispensary operations. The cannabis 

option was created in partnership with USciences’ 

Substance Use Disorders Institute as well as feed-

back from individuals in the industry. The option in-

cludes four elective courses specific to medical can-

nabis regulations and industry such as “Introduction 

to the Medical Cannabis Industry;” “Finance and 

Regulation in the Medical Cannabis Industry;” and 

“Cannabis Marketing and Sales.” There is also a pro-

ject-based course where students will work to write a 

business plan or bring a product to market.

Andrew Peterson, executive director of the Sub-

stance Use Disorders Institute, who was integral 

in the creation of the courses explained that there 

are many unique aspects to the medical cannabis 

and hemp industries. “This new program will help 

to formalize those teachings for those currently in 

the cannabis industry, entering the field, or interest-

ed in other fields associated with the industry,” said 

Peterson.

“As the industry grows, and the potential for med-

ical cannabis to converge with the pharmaceuti-

cal industry, a specialization in pharmaceutical and 

healthcare business will be an asset to those in the 

cannabis industry,” said Peterson. “A combination of 

healthcare, pharmaceutical, and cannabis business 

knowledge and expertise will be incredibly valuable 

as graduates move forward in their career.”

For more information about this new program vis-

it usciences.edu/CannabisMBA (2).
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Cannabis Is Medicine . . . 

Test It like Medicine
The purpose of this column is to make the case that cannabis is medicine, and thus the testing 

paradigm in use by the pharmaceutical industry needs to be adopted by the cannabis industry. I will 

introduce the pharmaceutical industry testing paradigm, contrast it with how things are currently 

done in the cannabis industry, and discuss the changes that need to be adopted in our industry to 

make the transition to what I believe is the correct testing paradigm.

Brian C. Smith

T
here, I fi nally said it in the title 

of a column, “Cannabis is Med-

icine . . . Test it Like Medicine.” 

As I have stated in a previous col-

umn (1), I seriously considered mak-

ing this the name of my column. I ul-

timately chose “Cannabis Analysis” 

because it is a broader topic, and I 

like that the words in the title rhyme.

As stated above, the purpose of this 

column is to make the case that can-

nabis is medicine, thus the testing 

paradigm in use by the pharmaceuti-

cal industry needs to be adopted by 

the cannabis industry. Here, I will in-

troduce the pharmaceutical industry 

testing paradigm, contrast it with how 

things are currently done in the canna-

bis industry, and discuss the changes 

that need to be adopted in our indus-

try to make the transition to what I be-

lieve is the correct testing paradigm.

The Pharmaceutical 

Industry Testing Paradigm

The pharmaceutical industry in the 

United States is regulated by the U.S. 

Food and Drug Administration (FDA). 

All prescription drugs must undergo 

rigorous chemical testing and clin-

ical trials before being approved for 

use in humans. The FDA’s mission can 

be summarized in the phrase that all 

medicines need to be “safe and ef-

fective.” To achieve this, drug com-

panies perform what I call “cradle-to-

grave” testing. That is, they test every 

raw material that goes into a medi-

cine, they test after each manufactur-

ing step, and they test the fi nal prod-

uct before it goes out the door.

Figure 1 gives an idea of how this 

works. Imagine you work at a facto-

ry that makes aspirin tablets. All the 

ingredients for the tablets, including 

the active pharmaceutical ingredient 

(API), acetylsalicylic acid, and the ex-

cipients come in at the loading dock 

in barrels. To follow the pharmaceuti-

cal testing paradigm, representative 

samples of each material are collect-

ed (more on representative sam-

pling here [2,3]) and then checked for 

identity and purity.

Assuming all the raw materials pass 

muster, they must next be mixed to-

gether in a blender as seen in Figure 1. 

The material in the blender must 

be sampled and tested over time to 

see how well mixed it is. The blend-

ing must continue until the materi-

al is thoroughly mixed. The mixed 

material is then pressed into a tab-

let with a tableting press. The tab-

lets must be sampled and tested to 

see if the right amount of API and ex-

cipients are present in the tablets. 

Lastly, representative samples of fi -

nal tablet product are tested before 

a batch of aspirin bottles can go out 

the door. All tests are performed ac-

cording to a standard operating pro-

cedure (SOP). No material can pro-

ceed onto the next step unless it 

meets a predetermined set of strin-

gent criteria.

This level of testing is required by 

FDA regulations. However, it also 

makes good economic sense to per-

form cradle-to-grave testing. By test-

ing each material before and after 

each manufacturing step, the manu-

facturing process can be controlled 

so that product can be made safe-

ly and reproducibly. Testing data can 

also be used to optimize manufactur-

ing steps by maximizing output while 

minimizing costs. Lastly, by making 

safe and effective medicines the po-

tential for causing damage to your 

customers with concomitant bad pub-

licity, loss of business, and lawsuits 

will be avoided. Given these facts, a 

strict cradle-to-grave testing regimen 

makes sense even in the absence of 

federal regulations. Please note that 

all this testing is done in-house by the 

pharmaceutical company.

Cannabis is Medicine...

The FDA has fi nally acknowledged that 

the cannabinoid cannabidiol (CBD) 

has medicinal uses. Specifi cally, it is 

recommended to treat some types of 

epilepsy (4). Subsequently, CBD now 

appears to be everywhere. All man-

ner of CBD concoctions are now avail-

able on the internet. Retail drug store 

chains are selling it nationwide (5), and 

there is even a hamburger chain add-

ing CBD to their burgers (6).

http://www.CannabisScienceTech.com
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Are We Testing 

Cannabis like Medicine?

The short answer is no. In my career 

I have been able to observe the op-

eration of numerous cannabis grow-

ers, extractors, processors, and can-

nabis analysis laboratories. What I 

see too often is that growers only 

test when their grow is over, thus 

they have no idea how changing wa-

ter, light, and fertilizer will affect their 

crop. They also do not know the opti-

mum time to harvest. I see extractors 

buying untested biomass, not know-

ing the cannabinoid content of the 

material and therefore probably pay-

ing the wrong price for it. I see the 

same extractors not testing every 

extract batch made in-house to cor-

relate the extract with the quality of 

the biomass, and thus have no clue 

as to how to optimize their process. I 

see processors who buy untested ex-

tract who then winterize, decarboxy-

late, distill, and then formulate prod-

ucts without doing any testing. How 

can you make a consistently safe and 

effective medicine without testing 

after each manufacturing step? How 

can you get your label claims right 

and be compliant if you don’t test 

the product yourself before it goes 

out to a third-party laboratory? 

Compliance Testing 

Versus In-House Testing

In summary, too often in the cannabis 

industry testing is only done at the 

end of the process where the prod-

uct is closest to the consumer and 

regulations require compliance test-

ing. The danger in this is mislabelled 

product and compliance testing fail-

ures. In California last summer, more 

than 1200 product batches failed 

state compliance testing because 

of mislabelled product (7). This oc-

curred because cannabis business-

es assumed test results on one batch 

High-quality reference materials designed to 
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apply to other batches. This may be 

true for a well characterized and con-

trolled process supported with ex-

tensive quality control testing. How-

ever, in the absence of this testing 

batches are not reproducible, lead-

ing to incorrect labels. These fail-

ures are expensive. The questioned 

batches must either be retested, re-

mediated, or scrapped.

mailto:lgcusa@lgcgroup.com
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The answer to this problem is that cannabis businesses 

need to adopt the cradle-to-grave testing paradigm and 

perform more in-house testing and do it better. They need 

to have the appropriate instrumentation and personnel in 

place to test raw materials, test after every manufacturing 

step, and test the fi nal product itself before it goes out for 

compliance testing to ensure label claims are correct and 

to avoid compliance test failures.

In my observation, not enough cannabis companies are 

performing in-house testing. I blame this in part on gov-

ernment regulators who have focused solely on compli-

ance testing and have not required cannabis businesses 

to perform in-house testing. Lastly, I blame us in the can-

nabis industry for taking the easy way out and only test-

ing when required by regulations, rather than doing what 

makes economic and ethical sense and adopting the cra-

dle-to-grave testing paradigm.

We might not like to think of it this way, but cannabis 

processors are de facto pharmaceutical manufacturers. In 

the pharmaceutical industry there is a testing laborato-

ry, trained personnel, process engineers, quality control 

people, and regulatory compliance offi cers to make sure 

the product is tested and manufactured according to ac-

cepted standards. Where are these people in the canna-

bis industry? The answer is they are too few and far be-

tween. I see people with no technical background starting 

cannabis medicine businesses, hiring people with little or 

no appropriate technical background to supervise and 

run their chemical processing operations, do little or no 

in-house testing, and then stumble forward ineffi cient-

ly making irreproducible product. This is a threat to the 

health and safety of patients, and to the bottom line of 

cannabis companies.

The solution to this problem is for the cannabis industry 

is to do more in-house testing. There exist spectroscop-

ic and chromatographic instruments for testing plant ma-

terial, extracts, oils, distillates, and fi nal products (many of 

which are advertised in this magazine). Some of these are 

fast, accurate, and easy to use and cost little compared to 

the cost of the capital equipment needed to start a grow 

or processing facility, or to the cost of a lawsuit from a pa-

tient injured from an incorrectly made medicine.

Conclusion

The solution here is that cannabis companies need to in-

vest in the equipment and personnel to have a robust in-

house quality control and testing program. Either we need 

to do this on our own, or regulators need to step up and 

force the industry to do this. If our goal as an industry is 

to achieve nationwide legalization of cannabis, we must 

prove to the American public that we can make safe and 

effective medicines. Until the strict cradle-to-grave test-

ing paradigm is adopted by the industry that will not hap-

pen, and our long-cherished goal of universal legalization 

will not be met.
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Figure 1: A hypothetical manufacturing process for making 

aspirin tablets. To follow the pharmaceutical testing paradigm, 

tests must be performed on the raw materials, after each manu-

facturing step, and at the fi nal product stage. 
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The Keys to Clean Cannabis
If you are a grower, you know that your main goal must be maintaining a cultivation facility that is 

free of plant pathogens. Plant diseases can bring down your grow and leave you with a troublesome 

mess that must be cleaned out and months of lost profi ts. Recovery from a major disease outbreak 

is costly in terms of impact on yield and labor costs, not to mention the potential negative impact on 

your reputation as a grower. Of course, a small level of disease can be tolerated and treated, but you 

cannot let it get out of hand! In this month’s “Cultivation Classroom,” we identify the main sources 

of disease that could impact your grow operations.

Roger Kern

E
very cultivator has their horror sto-

ries about plant pathogens and 

the havoc they wreak. I am talking 

about those microbial menaces that you 

can’t even see until it is pretty much too 

late to have effective eradication without 

harm to your profi ts. Whether admitted 

or not, every cultivation facility has plant 

pathogens: outdoor, indoor, and green-

house. However, my focus in this “Culti-

vation Classroom” is on greenhouse and 

warehouse cultivation facilities—the ex-

pensive controlled environment agricul-

ture (CEA) facilities—we need to prevent 

the entrance of these harmful microbi-

al pathogens into these special facilities. 

Growers raise and invest serious money 

to build these facilities and often give up 

signifi cant equity to ensure the highest 

quality in the fi nished facilities. That in-

vestment needs to be protected.

Prevention

When creating a clean grow facility, the 

key is prevention. The key to prevention 

is to start clean. But where does that lev-

el of clean start? My ideal cultivation fa-

cility would be a cleanroom, similar to 

those you fi nd at the National Aeronaut-

ics and Space Administration (NASA) to 

ensure that we don’t contaminate Mars 

and the other planets in our solar sys-

tem. It sounds pretty wild, but I started 

out obsessing about microbial contam-

ination in 1995 while I worked for NASA. 

I was technical group leader of NASA’s 

Jet Propulsion Laboratory’s (JPL) Plan-

etary Protection Group. Our job was to 

build the Pathfi nder Lander as free of mi-

crobiological contamination as human-

ly possible. We were able to maintain an 

environment virtually free of microbes. 

This was accomplished by designing 

into our facility a number of barriers to 

maintain a clean spacecraft assembly 

environment (see Figure 1). We cannot 

achieve the same level of cleanliness in a 

cultivation facility, nor do we want to be-

cause the costs are prohibitive, but the 

same general approach applies. 

When we create the optimal growth 

environment for plants in our high-tech 

CEA cultivation facilities, we create an 

excellent growing environment for mi-

crobes, both benefi cial microbes and 

harmful pathogenic microbes. We start 

out with good intentions in prepar-

ing the growing environment for plants, 

but in the process, inadvertently, cre-

ate a perfect environment to foster the 

growth of microbes, both good and bad.

As a result, you must start with a clean 

and disinfected facility. Make sure your 

cleaning crew and staff members wear 

appropriate protective clothing to pre-

vent microbes, viruses, dust, pollen, and 

atmospheric detritus on skin and cloth-

ing from contacting plants or other sur-

faces. Make your motto: “Start clean and 

stay clean!” Before you introduce any 

new clones, plants, people, or process-

es into the facility clean every surface 

with a state-approved environmentally-

friendly disinfectant agent, such as a hy-

drogen peroxide (H
2
O

2
) based solution.  

The top three “must have” rules to assist 

with keeping your facility clean are:

1. Every employee must change 

into appropriate clean, protective 

gear before entering the 

facility. This includes footwear, 

protective “bunny suit” coveralls, 

gloves, and beard and hair 

coverings at a minimum.

2. No visitors are allowed 

into the facility.

3. No decorative plants are 

allowed into the facility.

A Good CEA Cultivation Facility

In addition to using proven cleaning and 

sterilization techniques, a good CEA cul-

tivation facility is tightly sealed and prop-

erly screened to keep insect pests out; 

this is an essential step in disease con-

trol, as insects are vectors for both bac-

teria and viruses. In addition, a grower 

needs a state-of-the-art heating, ventila-

tion, and air conditioning (HVAC) system 

to fi lter the air to remove additional path-

ogen vectors on airborne dust, pol-

len, and microscopic arthropods.  While 

you must maintain a constant temper-

ature and humidity environment to fos-

ter a perfect environment for optimal 

health and yield of plants, these are the 

same conditions that allow microbial life 

to thrive and expand across the grow 

http://www.CannabisScienceTech.com
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facility. When high-tech fi ltered air-handling systems are used, 

disease vectors can be reduced, but not eliminated. When an 

appropriate HVAC system is implemented, structural sealing is-

sues addressed, and proper screening placement are built into 

the design, combined with cleanliness, most issues related with 

prevention of disease will be addressed. In summary, these pre-

ventative measures include:

• Sterilize and disinfect every surface you can reach

• Institutionalize the motto, “start clean and stay 

clean” through strict procedures for employees

• Create barriers, such as ante rooms and screens, 

that prevent the entry of microbes as a means 

of preventing microbial disease propagation

• Construct a facility that is tightly sealed and 

ideally is maintained under a slightly positive 

pressure so that the airfl ow is always outward. 

This prevents insects, which can carry viruses, and 

airborne microbes from entering the facility.

• Screen and fi lter the air that enters the 

facility at the intake to prevent insects and 

microbes from entering the facility

• Install a state-of-the-art HVAC system to further fi lter 

the air within the facility and maintain the clean air

• Implement a regular cleaning regimen throughout 

the facility and equipment with state-approved 

environmentally-friendly disinfectant agents 

such as hydrogen peroxide based solutions

• Train the cultivation team in proper industrial hygiene, 

such as never wearing street clothes or shoes

• Always wear fresh nitrile gloves and 

beard and hair protective covering

• Always use clean and sterilized tools. Clean 

and sterilize after every cutting.

Plant Tissue Culture

I always recommended these preventative measures to prevent 

the introduction of plant pathogens into cultivation facilities, 

and will continue to do so, but cultivators face a problem that 

is insidious and has caused innumerable losses: contaminated 

clones and teens. No matter how stringent your standard op-

erating procedures are, one contaminated clone can cause a 

devastating infection and loss across your entire growing op-

eration. You’ve heard the proverb that one bad apple can ruin 

the whole barrel. Well, one bad clone can ruin your entire grow.

However, there is a solution and it is becoming more and 

more mainstream in our industry. As our industry continues to 

mature it will take on more of the practices of modern main-

stream horticulture. One such practice is the widespread use of 

tissue culture to supply disease-free clones and teens for culti-

vators. Nurseries whose stock originates from tissue culture fa-

cilities to avoid contamination should become the mainstay of 

our industry. This is in contrast to the current situation where 

most purchased clones from nurseries are generated from ma-

ture “mother” plants. This is particularly important for canna-

bis because so many of the strains are contaminated with fungi, 

bacteria, and viruses. Tissue culture is the technology that can 

enable the much needed production of disease-free clones.

Does this mean a cultivator can trust clones originating from 

a tissue culture facility? As a consumer you should ask if the fa-

cility and the batch of clones have been tested in-house for 

common diseases like the ones shown in Table I. If you are a 

larger grower, your incoming plants should be monitored by 

a trusted third-party plant pathogen laboratory. In my experi-

ence, these conventional agriculture laboratories don’t adver-

tise this service, but some are set up to handle such a request.

If you wish to safeguard your facility and crop, I suggest you 

test for two microbes before the clones come out of quaran-

tine: fusarium and pythium. These are the two most preva-

lent infections brought into cultivation facilities. In my expe-

rience, they are the most commonly reported contaminants 

from nursery plants. 

Pythium is a genus of a fungus-like microorganism belong-

ing to the class Oomycota. It is distinctive because of its water-

borne swimming and is responsible for its rapid transmission 

Figure 1: “Cultivation Classroom” columnist Dr. Roger Kern 

standing with his hands behind him on the left, with the Path-

fi nder Rover before its trip to Mars. Cleanliness was paramount 

for this environment, just as it is in today’s cultivation facilities.

Table I: Summary of plant pathogens and diseases

Infectious Agent Disease Symptom Disease Type

Pythium sp. Root rot Oomycota

Fusarium sp. Root rot Fungus

Tobacco mosaic virus (TMV) Slow growth Viral

Pseudomnas sp. Yellow leaf spot Bacteria

Botrytis cinerea Bud rot Bacteria

Penicillium sp. Bud rot Fungus

http://www.CannabisScienceTech.com
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in a recirculating hydroponic facility. It is responsible for a type 

of root rot that results in the browning of the roots and the 

disruption of water and nutrient uptake resulting in wilt. It can 

have an almost immediate impact resulting in “damping off” 

that results in the death of young plants and seedlings. The im-

pact on established plants results in stunted growth, chlorosis, 

which would certainly affect yield.

Fusarium is a member of the kingdom Fungi; it can propa-

gate by water born spores. Like pythium, it causes root rot and 

subsequent wilt. The wilt is distinctive in that as the leaves be-

come yellowish and then brown, the tips curl up. This is in con-

trast to the yellow-brown leaves droop down when the plant is 

infected with pythium.

Professor Zamir Punja, a plant scientist from Simon Fraser 

University in British Columbia, recently published two stud-

ies on pathogens that included these microbes (1,2). I recom-

mend reading those studies for a deep dive into the subject.

Expert Point of View

To learn more about this topic, we spoke with Dr. Hope Jones, 

a plant tissue culture specialist. 

What is your background and experience in agriculture 

and in the cannabis sector specifi cally? 

Dr. Hope Jones: I have a diverse background in this indus-

try. I’m a grower fi rst and foremost. I just happen to believe sci-

ence makes me a better grower.

I have worked as the Chief Scientifi c Offi cer for a large can-

nabis cultivation and product manufacturer in Arizona. I am 

also the scientifi c research advisor for Arizona-NORML (Na-

tional Organization for the Reform of Marijuana Laws), which 

has been a part of many matters of local importance to can-

nabis policy and reform including drafting legislation in Arizo-

na to implement the recently passed hemp and testing bills.

You mentioned your expertise in tissue culture. Let’s start 

there, do you use or see a need for plant pathogen testing 

in your customers operations? 

Jones: While it’s true that the time and space required to com-

mercialize production of disease-free plants is reduced, those 

of us operating these businesses must ensure we are in fact 

producing disease-free plants. 

Non-cannabis tissue culture-based industries start with 

healthy stock material (also known as moms). We typical-

ly are not starting with healthy material. These other indus-

tries have university and third-party laboratory services avail-

able, while our industry has had very limited services available. 

While there is a growing number of cannabis testing labora-

tories that will test cannabis, cannabinoid profi les, and so on, 

these laboratories do not necessarily test for specifi c diseas-

es of strains.

It matters if the clones we sell are disease-free because both 

the genetic makeup and the health of the plant can affect its 

susceptibility to pest problems as well as yield.

What should growers expect from a third-party testing 

laboratory in this regard? 

Jones: Most agriculture laboratories have tremendous 

knowledge and have been working with growers for a long 

time. Make an appointment, get to know them. Discuss your 

situation and ask for their help in establishing policies and 

procedures. If they offer these services, it’s worth every dollar, 

as the extra cost will be balanced against the potential risks.

I have been working with a local company here in Arizo-

na for testing plants in tissue culture for plant diseases. Nor-

mally, laboratories require quite a bit of plant material to an-

alyze, but I met with this laboratory prior and discussed my 

situation. I said, “I have very small plants in vessels; what’s 

the best way to test?” We developed a testing method that 

worked for both of us. Taking this time is good business for 

me and them.

Should this be regulated or can we police ourselves? 

Jones: Yes and yes. 

There should be regulation to ensure public health and 

to stop poor cultivation practices that encourage disease 

and the spread of plant viruses. There is no need, howev-

er, to adopt unreasonable regulations that are not based on 

relevant data or attempt to out regulate all other industries.

We are a nascent industry with aggressive growth. So, un-

til studies are conducted that better describe the ideal reg-

ulations, I’m of the mind that we start with practices used in 

other industries—as long as these regulations are directly 

testing for microorganisms that are known to be of public-

health concern and actually found on cannabis. 

Also, as a grower, I don’t want to hope I pass all microbi-

al testing or hope my plants are disease free. I want to know. 

And the easiest, but most overlooked, way to do that is to 

quarantine all incoming material. 

There are ways we growers can know we will pass all mi-

crobial testing before sending to the laboratory—by imple-

menting in-house practices that ensure we are clean grow-

ers. We can conduct microbiological analysis of the air, 

purchase a water activity meter, and conduct in house aer-

obic plate counts.

Conclusion

As we move into an era of higher regulation and consumer 

http://www.CannabisScienceTech.com
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expectations, we need to ensure that our crops are clean 

and disease-free. Starting with strong and verifi able prac-

tices of cleanliness and prevention of disease, followed 

by incorporating the latest developments in tissue cul-

ture, we can ensure clean and disease-free results—and 

improve our profi tability. It may take effort to “start clean 

and stay clean,” but that effort will pay off as consumers 

become fans and the demand for your product skyrock-

ets—just like the missions to Mars.
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“Amazon” John Easterling and 

Olivia Newton-John—Plant Medicine: 

A Personal Healing Journey
The fourth annual Cannabis Science Conference West in September will feature a celebrity plenary 

address from “Amazon” John Easterling and Olivia Newton-John. Here, they discuss the cannabis 

industry and offer a preview of their plenary address titled “Plant Medicine—A Personal Healing Journey.” 

Joshua Crossney

I 
recently sat down with “Amazon” 

John Easterling and Olivia Newton-

John and learned how the universe 

intervened and brought together two 

souls on seemingly separate paths 

into one beautiful union. In 2008, 

Easterling and Newton-John married, 

and together they are spreading the 

word about the importance of pre-

serving the rainforest and the health 

values found in the botanicals of the 

Amazon. They currently serve on the 

board of the Amazon Center for En-

vironmental Education and Research 

(ACEER) organization to help the in-

digenous people of the Amazon gain 

ownership and title to their land.  

Amazon John, can you please share 

your amazing story of the transforma-

tion from a treasure hunter into a plant 

medicine researcher?

Amazon John Easterling: My boyhood 

dream since the third grade had been 

to explore in Peru and fi nd lost cities of 

gold and Inca treasure. It was a dream 

deferred for many years until I was done 

with school at the university of North 

Carolina in 1976, at which time I sold my 

car and bought a ticket to Ecuador. Af-

ter roaming through Ecuador and Peru 

for a few weeks and not fi nding any lost 

cities, I returned with some highland Pe-

ruvian sweaters and handicrafts. I was 

fortunate to sell those and have enough 

money for a return trip, and so began 

a career of entrepreneurial endeavors 

in South America. The next couple of 

decades saw an evolution of treasure 

from handicrafts to pre-Columbian tex-

tiles from Chimu and Moche civiliza-

tions and continued to expand to leath-

er goods in Brazil and Argentina then 

gemstones and mineral specimens. 

Ultimately, I responded to the siren 

call of the rainforest and was drawn into 

the jungles of Peru and up the tributar-

ies of the Amazon and began trading 

with indigenous groups in blowguns 

and tribal artifacts. I must insert here 

that in 1972 I had a near death experi-

ence with hepatitis and Rocky Moun-

tain spotted fever. Coming out of that 

my health was compromised and I felt 

like I recovered 70% but just couldn’t 

get 100% back. The doctors told me I 

was lucky to be alive and so not know-

ing any better then, I just accepted it as 

the way it was to be.

Occasionally, I would get a bit of fe-

ver and run out of energy and just have 

to rest for a couple of days before I 

could continue. It was happening to me 

again in the rainforest and that’s when 

some Indians shared some local botani-

cals with me that changed my life forev-

er. Just looking at me they went into the 

forest and came back with Una de Gato 

vine bark, Chanca Piedra leaf and stem, 

and some sap from the Sangre de Dra-

go tree. They boiled the vine, simmered 

the Chanca Piedra into it, and add-

ed a few drops of the sap into a heal-

ing drink for me. I had no expectations 

of anything happening, but after three 

days on this I noticed a signifi cant feel-

ing of being really grounded with a new 

energy fl ow coming through and a re-

turn of mental acuity. 

After another couple of days, I was 

feeling as good as I was before my 

hepatitis and spotted fever. A week 

more into it and it took me to a new 

level of life experience better than at 

any time of my life.  

This was quite shocking to me as I re-

alized that for years I had been chop-

ping this stuff down looking for treasure, 

when the “real” treasure of the rain-

forest is the extraordinary inventory of 

healing chemistry, nutrition, and ener-

getics that reside in more than a thou-

sand species of Amazonian botanicals. 

This awakening led me to a closer rela-

tionship with the curanderos (medicine 

men) in the rainforest and a new pas-

sion for plants as medicinal treasure. 

I started Amazon Herb Co. and for 

the next 22 years I researched, formu-

lated, and commercialized rainforest 

medicinal botanicals. Now it is fascinat-

ing to see new research on the three-

original botanicals that were given to 

me: Una de Gato as a stimulating mac-

rophage and phagocytosis activity (kick 

starting the immune system), Chan-

ca Piedra as a reverse transcriptase in-

hibitor (interfering with a virus’s ability 

to replicate), and Sangre de Drago sap 

as having 90% proanthocyanin content 

by dry weight (a powerful anti-oxidant). 

http://www.CannabisScienceTech.com
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A BRIGHTER VIEW: SPECTRAL TUNABLE 

LED LIGHTS INCREASE EFFICACY, 

PLANT YIELDS, AND PRODUCTIVITY

LIGHTING RECIPES AND OPEN-SOURCE RESEARCH ARE 
THE FUTURE FOR THE CANNABIS INDUSTRY

By Alissa Marrapodi

C
OMPLED didn’t start out developing technology 

for the cannabis industry. In fact, in 2008, before 

COMPLED was even established, its founder devel-

oped its first tunable LED lighting prototype for horticul-

tural applications. Back then, tunable LED lighting was the 

subject of only a few pioneers in horticultural lighting. By 

2010, COMPLED Solutions was established and Christoph 

Schubert, the CEO of the Germany-based manufacturer, 

and his team began working with horticultural research 

institutes and universities on LED applications and other 

specialized equipment in plant research.

By 2017, COMPLED came out with its first out-of-the-box 

product—a spectral tunable LED lighting platform for can-

nabis applications. “We started to do our own research 

on cannabis, with a focus on developing lighting recipes, 

which are the main advantage of LED lighting,” Schubert 

explains. Spectral tuning allows users to tune the spectral 

distribution of light for different cultivar and trigger differ-

ent processes in the plants.

Now, COMPLED is working with cannabis licensed pro-

ducers (LPs) to create custom lighting and growing reci-

pes. “We provide the starting point. We sell them light-

ing equipment and cannabis research boxes, including 

all the required consulting services—it’s basically a re-

search package—to make sure all the different trials are 

comparable to each other. These packages are designed 

to produce results and finance themselves within a cou-

ple of months, because it’s really important to us to show 

our customers how a tunable spectrum has a big econom-

ic impact.”

Although most trials run a few months, it can take up to 

several months to develop a stabilized strategy. “The more 

trials you run parallel to each other, the faster you’re able 

to develop different strategies,” Schubert says. “An opti-

mized dimming strategy is the simplest approach. From 

there, the next step is to optimize the number of plants per 

square meter, impacting morphology, to change the can-

nabinoid profiles, or to improve the selection of genetics 

based on its performance. Normally, selecting the genet-

ics and impacting the developing of ingredients are much 

more sophisticated. But still, it’s not rocket science, and 

it’s worth it!”

As a result of these collaborations, experiments have 

shown how lighting positively impacts plant yields, plant ef-

ficacy, and productivity in a short period of time; however, 

COMPLED signs NDAs with its customers, because typical-

ly they are afraid to share their data with other producers.

The Hope for Open-Source Research

“We want to establish collaborations between our clients 

who opt-in to sharing their data, and in return, would also 

receive data from other producers. Everything would be 

much faster,” Schubert explains. “We want to get the 

smaller guys together, even the homegrown producers, to 

come together to enable open-source research. The next 

step would be to create a research platform, where LPs can 

connect and share their results and growing recipes.”

One way COMPLED is moving toward this goal is it is 

embarking on another two-year research project with uni-

versities to dig deeper into the impact of lighting on the 

development of cannabinoids. “To do so, we need more 

sophisticated equipment with more LED channels that 

include UV lighting,” Schubert explains. “We also need 

more precise measuring technology and methods.”

Ultimately, Schubert wants to share these results with 

more than COMPLED’s customers. “At the moment, it’s like 

a black box: It’s possible to change the cannabinoid profile 

by means of lighting, but nobody can tell you exactly why it 

works one way or the other,” Schubert says. “Everything is 

related—the environmental parameters, spectral compo-

sition, genetics, etc.—everything has an impact.”

“Think about the spectrum of light: Normally, in an in-

door facility, you don’t have control of the UVA, UVB, vio-

let, blue, green, yellow, or red, etc., range of the spectrum. 

But that’s something we can do with universities—fine 

tune all the different ranges to get a better understanding 

of how they collaborate and impact cannabinoid devel-

opment. Most of the research published thus far doesn’t 

show how those ranges go together in the end. But short-

ly, these secrets will be disclosed, and their implementa-

tion will decide who will win the ‘chicken race’ in medical 

cannabis cultivation.”

FOR MORE INFORMATION:

www.compled.de

http://www.compled.de


mailto:Sales@hashcropter.com


24 Cannabis CCrosssroads

O
L

E
H

 M
A

R
K

O
V

/S
H

U
T

T
E

R
S

T
O

C
K

.C
O

M

CANNABIS SCIENCE AND TECHNOLOGY | www.CannabisScienceTech.com VOL 2 • NO 4 • JULY/AUGUST 2019

That turns out to be the perfect pre-

scription for someone with hepati-

tis. How did they know? So that’s how 

the transition happened and it’s the 

extraordinary healing results I’ve wit-

nessed over the last 20 years that keeps 

me driven and inspired.

Since I merged Amazon Herb Co. 

seven years ago, cannabis has been 

my focus as a medicinal plant. As my 

plant medicine teachers were rainfor-

est curanderos, I approach cannabis 

in the same way as I do other medici-

nal plants—with respect and gratitude. 

Curanderos would sing to the wild 

plants in the jungle songs of gratitude 

before harvesting. With cannabis we 

have the opportunity to develop a re-

lationship with the plant from seed 

through the entire grow cycle. There 

are techniques and methodologies we 

can use to create a harmonic fi eld and 

relationship with the plant that infl u-

ences the therapeutic expression and 

healing value of cannabis (see video at 

www.happytreemicrobes.com).

I have a deep passion and apprecia-

tion for this plant whose time has come. 

Olivia, you are the daughter of profes-

sor Brin Newton-John and Irene (who 

was the daughter of nobel prize win-

ning physicist, Max Born), and you 

helped develop the Olivia Newton-

John (ONJ) Cancer Wellness & Re-

search Center. Now you are sharing 

the plenary at the Cannabis Science 

Conference West. Is science in your 

blood and what does it mean to you to 

continue your family’s passion for sci-

ence onstage in Portland?

Olivia Newton-John: Well, I failed 

science and never fi nished high 

school! Of course, genetically it must 

be in my blood. 

I believe there is a link between math 

and music. As I’m now on this cancer 

journey, I’ve become very intrigued 

by science and all the possibilities. I 

hold the belief that we will see an end 

to cancer in my lifetime. With focused 

science and research, it may be sooner 

than we think!

Can you please share with our read-

ers what role cannabis has played in 

your lives, and why it is so important 

that cannabis science continues to 

grow?

Easterling: In recent years, canna-

bis has been an important part of our 

life. My interest was spawned by my 

passion for plant medicine and spe-

cifi cally for the potential of adding it 

to the therapeutic arsenal for Olivia. I 

reviewed as much of the literature as 

I could fi nd on cannabis and cancer. 

I then developed a research grow at 

our ranch in California with 26 cultivars 

and have bred 11 new genetics. I spin 

off the trichomes and do alcohol ex-

tractions combining various cultivars. I 

use a Shimadzu Cannabis Analyzer for 

potency to screen and quantify 11 can-

nabinoids. We have refi ned the formu-

las for Olivia over time.

Newton-John: Cannabis has been 

a huge help to me with sleep stress 

and of course pain. I was able to wean 

About Amazon John Easterling

Since 1976 Amazon John Easterling has been an explorer and treasure 

hunter in the Amazon rainforest where curanderos taught him plant medi-

cine. His original degree is in environmental studies. His 28 years of rain-

forest plant medicine experience have been profi led in TV documentaries. 

Amazon John’s passion for cannabis medicine began in earnest when a 

serious chronic health challenge he suffered from was reversed in days 

by using traditional plant medicine from indigenous tribes in Peru. He 

founded Amazon Herb Company in 1990 and continues to research and 

formulate plant medicine. He serves on the board of the Amazon Center 

for Environmental Education and Research. His new focus is on how to 

naturally infl uence plants to maximize therapeutic expression (visit the 

Happy Tree Microbes exhibit booth at CSC West 2019 to learn more).

Figure 1: Amazon John Easterling and Olivia Newton-John in a Shipibo-Conibo village 

on the Rio Ucayali tributary of the Amazon. Easterling secured 2500 acres of land titles for 

this indigenous community.

http://www.happytreemicrobes.com
http://www.CannabisScienceTech.com
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myself completely off high doses of 

morphine using cannabis, which is 

something I think everyone should 

know is possible. If you had told me 

a few years ago that I would be talk-

ing openly about my experiences with 

cannabis I never would’ve believed 

you, but I feel so strongly about it that 

I wanted to let it be known and I think 

it should be encouraged for everyone 

who is in pain to reduce or eliminate 

opiates. My mobility has increased 

signifi cantly and I mange my pain with 

just a few drops of my husband’s can-

nabis tinctures.  

Easterling: The momentum of canna-

bis involvement seems to be acceler-

ating. In addition to the research grow 

and formulation activities, we are now 

part owners of a commercial licensed 

farm in Oregon. I serve on the board of 

a cannabis company in Australia. 

I’ve created a new microbial soil 

amendment, Bio Harmonic Tonic, 

specifi cally to increase the therapeu-

tic value of cannabis. This is a new and 

exciting endeavor.

I’ve been blessed with having the 

opportunity to visit with David “Dedi” 

Meiri at the Technion Institute in Haifa, 

Israel and with Raphael Mecholaum 

in Jerusalem. I’ve engaged in can-

nabis conferences around the world 

with some of the greatest cannabis 

researchers like Ethan Russo. I’m as-

sisting in cultivar selection for a can-

nabis and cancer trial that will begin 

at the ONJ Cancer and Wellness Re-

search Center in Australia. I’m happy 

to see the worldwide interest in can-

nabis science and research growing so 

dramatically. We’ve learned so much 

Figure 2: Amazon John Easterling and 

Olivia Newton-John near the Yarainco-

cha Lagoon in the Peruvian rainforest.

http://www.CannabisScienceTech.com
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and there is so much more to under-

stand about how cannabis interfaces 

with our physiology and initiates heal-

ing responses.     

Newton-John: I feel so fortunate to 

have a husband who is so knowledge-

able and talented and providing plant 

medicine for my ongoing health. The 

only pharmaceutical I do now is to 

block estrogen. Cannabis and oth-

er Amazon herb formulas have made 

a huge difference in my life and my 

health. All my markers are moving in 

the right direction, my energy and vi-

tality continue to improve, it’s quite 

amazing. The proof is in the pudding 

and I am the pudding! 

Is there anything else that you would 

like to add? Any fi nal thoughts?

Easterling and Newton-John: As re-

search continues to expand in all are-

as of botanical sciences some very in-

teresting fi ndings are coming to light. 

For example, in the soil of the plant, 

microbials colonize around the roots 

(rhizosphere). These diverse bacte-

ria determine how nutrients are mo-

bilized and cycled into the plant. We 

now know that once the population 

of these bacteria reach a “quorum” 

they begin to communicate with each 

other using chemical signaling. This 

seemingly intelligent and sophisticat-

ed communication encourages the 

building of bio fi lms and encourag-

es sharing of nutrients and resourc-

es in the soil. There is some evidence 

that shows that these bacteria not 

only communicate with each other in 

the soil, but they may also be com-

municating with bacteria in the plant 

as well. Further to this is some new 

thinking on trans-species signaling, 

whereby these bacteria are signaling 

to bacteria in other species, possibly 

to the bacteria in the microbiome of 

the cultivator.

These in turn lead to the potential of 

engaging in this communication triad 

with intentionality to infl uence growth 

and expression of chemistry (cannabi-

noids and terpenes) in the plant.

And, lastly, an interesting ques-

tion considering that there have been 

thousands of new cannabis gardens 

started in recent years: What if canna-

bis itself, when the population reach-

es a certain density, also has a quorum 

signaling trigger that initiates chemi-

cal signaling communication between 

the thousands of cannabis gardens 

everywhere? Maybe we’ve reached 

that “trigger” and that would account 

for the tsunami of change we’re seeing 

in the cannabis world as humans carry 

out the directive of the cannabis initi-

ators. Anyway, just something to con-

sider on a quiet afternoon.

Conclusion

We are absolutely thrilled to have 

Amazon John Easterling and Oliv-

ia Newton-John give this year’s ple-

nary address at the Cannabis Sci-

ence Conference West. I would like 

to thank them for all the incredible 

work that they continue to do to bring 

awareness to critical issues such as 

rainforest preservation as well as their 

continued research regarding bio-

therapeutic medicines and the ONJ 

Cancer Wellness & Research Center. 

Don’t miss the their plenary talk 

“Plant Medicine—A Personal Healing 

Journey” on Thursday, September 

5th, 2019 in the Analytical Track at the 

Cannabis Science Conference West 

in Portland, Oregon.

Joshua Crossney 

is the columnist 

and editor of “Can-

nabis Crossroads” 

and a contributing 

editor to Cannabis 
Science and Technology magazine. 

Crossney is also the president and 

CEO of CSC Events. Direct correspon-

dence to: josh@jcanna.com

About the Columnist 

Australia’s Sweetheart, 

Olivia Newton-John Gets Physical (Science)

Olivia Newton-John’s appeal seems to be timeless. With a career span-

ning more than fi ve decades, she is still a vibrant, creative individual 

adored by fans around the globe. She was born in Cambridge, England 

in 1948, and was the youngest child of Professor Brin Newton-John and 

Irene (the daughter of Nobel Prize winning physicist Max Born).

Olivia’s personal victory over cancer led her to announce a partnership 

with Austin Health and the creation of the Olivia Newton-John Cancer 

and Wellness Centre (ONJCWC) on the Austin campus in her hometown 

of Melbourne, Australia. After successful fundraising efforts and helping 

to raise nearly $200 million, the ONJCWC opened in June 2012, and pro-

vides a comprehensive range of services and facilities for cancer treat-

ment, education, training, and research including a wellness center for 

the mind, body, and spirit (ONJCancerCentre.org). In 2014, Olivia was 

thrilled when the Olivia Newton-John Cancer Wellness & Research Cent-

er opened on the grounds of the ONJCWC, enabling clinicians and re-

searchers to work together to integrate clinical medicine with basic and 

translational cancer research for the ultimate benefi t of cancer patients.

With her ongoing projects and philanthropic endeavors, Olivia’s world-

wide popularity is as strong as ever! For more information visit Olivia

Newton-John.com, follow her on Twitter @OliviaNJ, or Instagram @TheRe-

alONJ. You can also order her memoir, Don’t Stop Believin’, covering every-

thing from Grease to her journey with cancer and cannabis and more.
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The Latest Medical Cannabis Research: 

Dr. Ethan Russo Discusses Neurological 

Research, Dosing, and More

Dr. Ethan Russo, Director of Research and Development for the International Cannabis and 

Cannabinoids Institute (ICCI), recently spoke with us about some of his recent research efforts, 

cannabis dosing, and his continued push to change the stigma against cannabis as a medicine.

C
annabis has been used as a medicine for centuries. 

However, because of political interference and pro-

hibition in current times, research has been limited 

about the benefi ts and applications of this plant to a varie-

ty of health problems and diseases. Dr. Ethan Russo, Director 

of Research and Development for the International Cannabis 

and Cannabinoids Institute (ICCI), has dedicated much of his 

career to changing that by conducting medical research with 

cannabis and bringing attention to the benefi ts of cannabis 

and the need for more studies through his own research, pub-

lished work, and conference presentations. Dr. Russo recently 

spoke with us about some of his recent research efforts, can-

nabis dosing, and his continued push to change the stigma 

against cannabis as a medicine.

How did you fi rst become interested in cannabis research? 

What challenges have you faced in doing such research?

Ethan Russo: I have always been interested in psychophar-

macology, which is critical to the disciplines of neurology and 

psychiatry that I have practiced and researched. After a sab-

batical in the Amazon rainforest in Peru studying the medic-

inal plants of the Machiguenga, I became embroiled in the 

cannabis controversy in 1996, the same year that medicinal 

cannabis became legal in California. I spent the next four 

years attempting to gain U.S. government approval to study 

cannabis treatment in migraines, to no avail despite the U.S. 

Food and Drug Administration’s (FDA) approval of my Investi-

gational New Drug application in 1999. To this day, the study 

that I had planned on migraines has never been done.

What has been the most surprising discovery for you so 

far regarding cannabis research?

Russo: My answer may be a surprise, that being the discovery 

that cannabis research and therapeutics remain so controver-

sial in the U.S. despite the incredible body of evidence sur-

rounding the discovery of the endocannabinoid system and 

the many successful clinical trials of cannabis-based medi-

cines demonstrating their safety, effi cacy, and consistency. 

This is the simple explanation of why I have worked for foreign 

companies for most of the last 23 years, currently as Director 

of Research and Development for the International Cannabis 

and Cannabinoids Institute (ICCI), a European Centre of Ex-

cellence in Prague.

In a recent article (1), you discussed the potential use of 

cannabis-based medicine to treat a variety of neurological 

disorders such as intractable epilepsy, brain tumors, 

Parkinson disease, Alzheimer disease, and traumatic brain 

injury (TBI) or chronic traumatic encephalopathy (CTE). 

Can you tell us about the research in those areas?

Russo: I will address each area briefl y; full details are avail-

able in the fi rst reference, which is available to everyone 

on open source.

Epilepsy has been treated with cannabis for more than 

1000 years in the historical literature, but has only had scientif-

ic investigation in the last 40 years, culminating in the 2018 ap-

proval by the FDA of Epidiolex (GW Pharmaceuticals), a 97% 

pure cannabidiol preparation. However, cannabis contains 

numerous other anticonvulsant substances including tetrahy-

drocannabinol (THC), cannabidivarin (CBDV), tetrahydrocan-

nabivarin (THCV), tetrahydrocannabinolic acid (THCA), and 

the terpenoid linalool. There is a great opportunity for the de-

velopment of additional cannabis-based anticonvulsants.

Brain tumors remain very diffi cult to treat effectively, but 

cannabinoids show great promise as agents that comple-

ment conventional chemotherapy and radiation, prolong-

ing survival, and, in some instances, produce long-term 

remissions. A recent clinical trial showed striking results 

in glioblastoma multiforme, the most deadly brain can-

cer, with extended life spans in people taking Sativex (GW 

Pharmaceuticals) oromucosal cannabis spray in convention-

al doses along with temozolomide. On a theoretical basis, 

it may be possible to treat “benign” brain tumors that are 

normally unresponsive to chemotherapy with other canna-

bis components such as THCA.

Parkinson disease remains a diffi cult degenerative brain 

condition to treat. It is caused, in part, by a defi ciency of 

the neurotransmitter, dopamine. However, it is much more 
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complicated than that, and available 

drugs fail to halt its progression of var-

ious symptoms such as tremor, rigidi-

ty, and progressive dementia. Thera-

peutic trials to date have had mixed 

results in treating its signs and symp-

toms, but long-term treatment with 

THCA and cannabidiol (CBD) may 

show promise. Formal randomized 

controlled trials are necessary.

Even more common is Alzheimer dis-

ease, the number one cause of demen-

tia, and a tremendous public health 

burden. Current drugs aim to replace 

acetylcholine, the memory molecule 

of the brain that becomes defi cient, 

but none halt the degenerative pro-

cess. Available research indicates that 

both THC and CBD can interfere with 

the buildup of beta-amyloid and neu-

rofi brillary tangles that are part of the 

pathological processes in Alzheimer 

disease. Additionally, THC and canna-

bis calm the agitation of the disorder 

and allow better sleep patterns. Fur-

ther research, some currently under-

way, may help answer whether canna-

bis-based drugs can actually produce 

neuroprotective effects that slow or 

even arrest the disease process.

Traumatic brain injury (TBI) is an im-

portant cause of morbidity and mor-

tality from accidents, warfare, and even 

contact sports. The most common form 

is concussion, which produces a constel-

lation of problems including headache, 

fatigue, nausea, dizziness, and cognitive 

impairment. Repetitive head trauma has 

been linked to a degenerative condition 

now called chronic traumatic encepha-

lopathy (CTE) especially associated with 

American football, in which years later 

people develop degenerative demen-

tia, personality change, violent behavior, 

and even hallucinations. The neuropro-

tective effects of cannabis are well es-

tablished in the literature, and there is a 

tremendous amount of anecdotal liter-

ature that cannabis benefi ts symptoms 

in both syndromes. Formal clinical trials 

are necessary.

This is an excerpt  of our interview with Dr. 

Russo, to read the full version please visit: 

www.cannabissciencetech.com/canna-

bis-voices/latest-medical-cannabis-re-

search-dr-ethan-russo-discusses-neuro-

logical-research-dosing-and-more.
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The What, How, and Why of 

Water Activity in Cannabis 

Water activity is widely recognized for the safety it provides to food because of its control of microbial 

growth and it is considered a critical control point for preventing microbial contamination. Water activity 

provides this same determination of safety in cannabis and consequently is already a part of cannabis 

regulations in many states. However, at this point, it remains primarily associated with edibles, linking it 

back to food safety. While water activity is important for the safety of cannabis edibles, it is also important 

for storage stability of harvested buds and extracts. If cannabis buds are not dried to water activity levels 

below 0.70 a
w
, they can support mold growth during storage and transport, leading to the subsequent 

potential for inhalation of mold spores or mycotoxins. In addition, water activity controls the rate of 

decarboxylation that can lead to the breakdown of tetrahydrocannabinol (THC). Finally, water activity is 

correlated to additional critical product quality attributes that are associated with shelf life. In fact, it is 

possible to predict shelf life based on water activity and to establish an ideal water activity specifi cation 

for any cannabis or hemp-based products. The objective of this manuscript is to explain the theory and 

measurement of water activity, explain its mode of action for microbial control, discuss existing water 

activity regulations for cannabis, and describe additional uses for water activity in the cannabis industry. 

Brady P. Carter

W
ith the legalization of cannabis-based products for 

both medicinal and, in some locations, recreation-

al use, the need to implement safety initiatives has 

also arrived. Microbial contamination in either dried buds, ex-

tracted oils, or processed edibles can result in allergic reac-

tions, respiratory complications, or foodborne illnesses. In ad-

dition, breakdown because of chemical reactions can result in 

changes in effi cacy and potency. Water activity is an effective 

tool used in the food and pharmaceutical industries to maxi-

mize microbial, chemical, and physical stability. Water activi-

ty provides this same safety and control to the cannabis mar-

ket; therefore, it is important that cultivators and processors 

understand water activity and how to maximize its usefulness. 

Safety regulations for the cultivation and processing of can-

nabis-based products are currently handled at the state lev-

el, resulting in inconsistent recommendations. As a result, not 

all states currently require water activity testing of cannabis. 

However, based on its established relationship with common 

safety and quality modes of failure, it should be the most im-

portant analytical test run by anyone in the cannabis market. 

The objective of this manuscript is to describe the theory of 

water activity, outline its current inclusion in state regulations, 

and describe its impact on microbial and chemical stability.

Theory of Water Activity

Water activity is defi ned as the energy status of wa-

ter in a system and is rooted in the fundamental laws of 

thermodynamics through Gibb’s free energy equation (1). It 

represents the relative chemical potential energy of water 

as dictated by the surface, colligative, and capillary interac-

tions in a matrix. Practically, it is measured as the partial va-

por pressure of water in a headspace that is at equilibrium 

with the sample, divided by the saturated vapor pressure of 

water at the same temperature. The water activity covers a 

range of 0 for bone dry conditions up to a water activity of 

1.00 for pure water, resulting from the partial pressure and 

the saturated pressure being equal. Water activity is often 

referred to as the “free water” and while useful when refer-

ring to higher energy, it is incorrect since “free” is not scien-

tifi cally defi ned and is interpreted differently depending on 

the context. As a result, the concept of free water can cause 

confusion between the physical binding of water, a quanti-

tative measurement, and the chemical binding of water to 

lower energy, a qualitative measurement. Rather than a wa-

ter activity of 0.50 indicating 50% free water, it more correct-

ly indicates that the water in the product has 50% of the en-

ergy that pure water would have in the same situation. The 

lower the water activity, the less the water in the system be-

haves like pure water. 

Water activity is measured by equilibrating the liquid 

phase water in the sample with the vapor phase water in the 

headspace of a closed chamber and measuring the equi-

librium relative humidity (ERH) in the headspace using a 

sensor (2). The relative humidity can be determined using 
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a resistive electrolytic sensor, a chilled 

mirror sensor, or a capacitive hygro-

scopic polymer sensor. Instruments 

from companies such as Novasina uti-

lize an electrolytic sensor to determine 

the ERH inside a sealed chamber con-

taining the sample. Changes in ERH 

are tracked by changes in the electri-

cal resistance of the electrolyte sen-

sor. The advantage of this approach 

is that it is very stable and resistant to 

inaccurate readings because of con-

tamination, a particular weakness of 

the chilled mirror sensor. The resis-

tive electrolytic sensor can achieve 

the highest level of accuracy and pre-

cision with no maintenance and infre-

quent calibration.

While water activity is an intensive 

property that provides the energy of 

the water in a system, moisture con-

tent is an extensive property that de-

termines the amount of moisture in a 

product. Water activity and moisture 

content, while related, are not the same 

measurement. Moisture content is typ-

ically determined through loss-on-dry-

ing as the difference in weight between 

a wet and dried sample. While useful as 

a measurement of purity and a standard 

of identity, as this paper will describe, 

moisture content does not correlate 

as well as water activity with microbi-

al growth, chemical stability, or physi-

cal stability. Water activity and moisture 

content are related through the mois-

ture sorption isotherm. 

Water Activity 

and Microbial Safety

Each microorganism has an ideal in-

ternal water activity and their ability 

to reproduce and grow depends on 

maintaining that water activity. When 

a microorganism encounters an en-

vironment where the water activity is 

lower than their internal water activi-

ty, they experience osmotic stress and 

begin to lose water to the environment 

since water moves from high water ac-

tivity (energy) to low water activity (3). 

This loss of water reduces turgor pres-

sure and retards normal metabolic ac-

tivity. To continue reproducing, the or-

ganism must lower its internal water 

activity below that of the environment. 

It tries to achieve this by concentrating 

solutes internally. The ability to reduce 

its internal water activity using these 

strategies is unique to each organism. 

Consequently, each microorganism 

has a unique limiting water activity be-

low which they cannot grow (4,5). An or-

ganism’s ability to reproduce and grow 

does not depend on how much water 

is in its environment (moisture content), 

only on the energy of the water (water 

activity) and whether it can access that 

water for growth.

A list of the water activity lower lim-

its for growth of common spoilage or-

ganisms can be found in Table I. These 

growth limits indicate that all path-

ogenic bacteria stop growing at wa-

ter activities less than 0.87 while the 

growth of common spoilage yeasts 

and molds stops at 0.70  a
w
, which is 

known as the practical limit. Only xe-

rophilic and osmophilic organisms 

can grow below 0.70 a
w
 and all micro-

bial growth stops at water activities 

less than 0.60. In addition, microbi-

al growth rate can be modeled using 

water activity, along with other growth 

factors such as temperature and pH. 

For a cannabis product to be con-

sidered shelf stable, it’s water activi-

ty must be less than 0.86 a
w 

to ensure 

that no pathogenic bacteria will be 

able to grow on the product as it sits 

on the shelf. Cannabis products with 

a water activity higher than 0.70 a
w
 but 

less than 0.86 a
w 

are considered shelf 

stable but will still support the growth 

of mold and yeast. Cannabis products 

in this range are not considered un-

safe because while possibly undesira-

ble to the consumer, molds and yeasts 

do not cause foodborne illnesses. 

However, even the growth of nonpath-

ogenic organisms can result in the 

production of mycotoxins and afl atox-

ins, which can be harmful if consumed, 

but especially if inhaled. Consequent-

ly, the water activity must be reduced 

to below 0.70 a
w
 or other interventions 

such as a preservative system or vacu-

um packing must be used to prevent 

mold growth.

Table I: Water activity lower limits for growth for common spoilage organisms

Microorganism a
w
 Limit Microorganism a

w
 Limit

Clostridium botulinum E 0.97 Penicillum expansum 0.83

Pseudomonas fl uorescens 0.97 Penicillum islandicum 0.83

Escherichia coli 0.95 Debarymoces hansenii 0.83

Clostridium perfringens 0.95 Aspergillus fumigatus 0.82

Salmonella spp. 0.95 Penicillum cyclopium 0.81

Clostridium botulinum A B 0.94 Saccharomyces bailii 0.8

Vibrio parahaemoliticus 0.94 Penicillum martensii 0.79

Bacillus cereus 0.93 Aspergillus niger 0.77

Rhizopus nigricans 0.93 Aspergillus ochraceous 0.77

Listeria monocytogenes 0.92 Aspergillus restrictus 0.75

Bacillus subtilis 0.91 Aspergillus candidus 0.75

Staphylococcus 
aureus (anaerobic)

0.9 Eurotium chevalieri 0.71

Saccharomyces cerevisiae 0.9 Eurotium amstelodami 0.7

Candida 0.88 Zygosaccharomyces rouxii 0.62

Staphylococcus 
aureus (aerobic)

0.86 Monascus bisporus 0.61
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Water Activity and State Regulations

Currently, governmental oversight of the production and sell-

ing of cannabis is handled on the state level with the actual 

state department varying by state (6). Consequently, regula-

tions vary extensively between states. Water activity currently 

only appears in the regulations or guidance documents for a 

few states and these tend to be the states that have had some 

form of legalized cannabis for the longest time and therefore 

have the most mature regulations. It is expected that addi-

tional states will add water activity testing requirements to 

their regulations as markets mature; and if regulations move 

to the Federal level, water activity will be included in any na-

tional regulations or guidelines. 

States that currently include water activity in their cannabis 

regulations include:

1. Nevada—NAC 453A.654: Required quality 

assurance tests; submission of wet marijuana for 

testing. NAC 453A.550: “Potentially hazardous 

marijuana products and ingredients” defi ned

2. California—CA Section 19344–5322: 

Water activity and moisture content

3. Oregon—OAR 333-007-0300 to 333-007-0500 and OAR 

333-064-0100 to 333-064-0130: Must test water activity 

on usable marijuana for sales or for further processing

4. Washington—WAC 314-55-102: Quality assurance 

testing Part (i) Moisture analysis. Must test 

water activity on usable marijuana intended 

for retail sale or for further processing

In addition to the inclusion of water activity in state can-

nabis regulations, ASTM standards have been established for 

water activity in cannabis. These include:

• ASTM D8916-18: Standard practice 

for determining water activity

• ASTM D8197-18: Standard for maintaining water activity

• ASTM Standard in Progress – Stability Testing

Water Activity and Chemical Stability 

If cannabis biomass and edibles are processed to water ac-

tivities less than 0.70 a
w
, microbial spoilage is no longer the 

most likely mode of failure. However, products in this range 

do not have unlimited shelf life. So, what other modes of fail-

ure are likely to occur to end shelf life? For cannabis biomass 

or edibles in the 0.40–0.70 a
w
 range, chemical degradation is 

a strong candidate because reactions rates are at a maximum 

(7). Chemical reactions such as Maillard browning, lipid oxida-

tion, enzymatic, and so on can affect the taste, appearance, 

and nutritional value of biomass or edibles. Water activity in-

fl uences reaction rates by reducing activation energy, increas-

ing mobility, and increasing the rate constant. Consequent-

ly, reaction rates are better correlated to water activity than 

moisture content. In general, as water activity increases so do 

reaction rates, but specifi c correlations depend on the type of 

product and the reaction (Figure 1). Most reactions will reach 

a maximum in the range of 0.70–0.80 a
w
 because of dilution 

at high water activities, but lipid oxidation is the only reaction 

that increases at low water activity. 

For cannabis, the reaction most likely to impact its quality 

is tetrahydrocannabinolic acid (THCA) loss because of de-

carboxylation, which will reduce its potency. For cannabis 

edibles, the reaction that is most likely to impact the quality 

is Maillard browning for products containing protein and re-

ducing sugars, or lipid oxidation (rancidity) for samples con-

taining high levels of fat. These reactions are complex and 

cause problems through the production of odor and fl a-

vor compounds. When the reaction has progressed to pro-

duce enough undesirable compounds or loss of THCA, the 

products will become unacceptable to consumers. The im-

pact of chemical reactions can be minimized by limiting re-

actants such as reducing sugars for browning or oxygen for 

rancidity and decarboxylation. Lipid oxidation is unique in 

that its rate not only increases as water activity increases, 

but it also increases at low water activity making the general 
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rule that lower water activity is better 

not true in all cases. 

To aid in determining the ideal water 

activity for slowing down chemical deg-

radation, the reaction rate can be pre-

dicted using shelf life models. To be ef-

fective, these models need to account 

for the effect of water activity and tem-

perature. The only fundamental shelf 

life model that includes both water ac-

tivity and temperature is hygrothermal 

time (8). It is derived from a form of the 

Eyring (9) equation for rate change and 

Gibbs equation for free energy and is 

given by: 

r = r
0
 exp Ba

w
 – 

Ea

RT  
[1]

where T is the temperature (K), R is the 

gas constant (J mol-1 K-1), E
a
 is the activa-

tion energy (J mol-1), B is the molecular 

volume ratio, a
w
 is the water activity, 

and r
0
 is the rate at the standard state. 

In practice, the values for B, E
a
/R, and 

r
0
 will be unique to each situation and 

are derived empirically through least 

squares iteration. Once the constants 

are known, any temperature and water 

activity can be used with the hygrother-

mal time model to determine rate of 

change at those conditions and hence 

the shelf life for a particular product, as 

it relates to that change. This model 

can be used to establish the ideal wa-

ter activity where chemical degrada-

tion is at a minimum for cannabis bio-

mass or edibles, thereby maximizing 

shelf life. The identifi cation of and pro-

cessing to this ideal water activity that 

prevents microbial growth while mini-

mizing chemical degradation and tex-

ture is the key to maximizing the shelf 

life of cannabis products.

Water Activity 

and Storage Stability 

Harvested cannabis (marijuana and 

hemp) must be suffi ciently dry to al-

low for storage and transport. As ex-

plained previously, water activity de-

termines if molds, yeasts, or bacteria 

will be able to grow on biomass dur-

ing storage. Dried biomass will typi-

cally have a water activity in the 0.60 

to 0.70 a
w
 range. While the growth of 

pathogenic bacteria would pose the 

greatest risk at the typical water activi-

ty of biomass, the more likely contam-

ination source will be molds. All molds 

except a few rare xerophilic species 

stop growing at water activities less 

than 0.70. While molds themselves 

are not particularly dangerous if con-

sumed, molds also can produce my-

cotoxins as part of their metabolism 

and these can cause severe reactions 

in some people. In addition, the pres-

ence of actively growing mold also 

means the presence of mold spores. 

This can be particularly dangerous for 

a product that is inhaled, resulting in 

mold spores in the respiratory tract, 

which can lead to asthma symptoms. 

Consequently, the water activity of 

any harvested biomass being stored or 

transported needs to be below 0.70 a
w
. 

This means that water activity testing 

needs to begin with cultivators and 

processors. 

The water activity of edible canna-

bis products can also change during 

storage and transport. Baked edibles 

will have particularly high-water activ-

ities and must be tested to make sure 

they are processed to water activities 

less than 0.86 a
w
 to prevent the growth 

of pathogenic bacteria. Then, their wa-

ter activity must be maintained in the 

ideal water activity range during stor-

age to both prevent an increase in wa-

ter activity to unsafe levels as well as a 

reduction in water activity that could 

lead to undesirable changes in tex-

ture. To prevent this, edibles need to 

be packaged in good moisture barrier 

Figure 1: Water activity stability map showing the typically response of modes of failure 

to increasing water activity. (Adapted with permission from Ted Labuza.)
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packaging. The exact packaging re-

quirements to prevent changes in wa-

ter activity can be modeled and pre-

dicted, but the derivation and use of 

these models is beyond the scope of 

this paper.

Summary 

Water activity plays a key role in en-

suring the safety of cannabis prod-

ucts and maximizing shelf life. Wa-

ter activity may be a new concept to 

many in the cannabis industry, and 

those familiar with water activity may 

only know of its ability to control mi-

crobial growth. However, in many cas-

es, microbial spoilage is not the most 

likely mode of failure for the shelf life 

of cannabis products. Water activ-

ity is related to all common modes 

of failure and consequently is an 

effective quality control tool for eve-

rything from harvested biomass to 

edibles.
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Microbiological Attributes of 

Cannabis-Derived Products

This review article, written from the point of view of an experienced pharmaceutical microbiologist, 

discusses the risks of microbial contamination for the full range of cannabis-derived products and 

recommends the most appropriate microbiological quality requirements for each of these products 

by benchmarking against the microbiological quality recommendations from the American Herbal 

Products Association (AHPA), the World Health Organization (WHO), European Pharmacopeia 

(Ph. Eur.), and the U.S. Pharmacopeia (USP) for powdered cannabis, dietary supplements, herbs, 

botanical products, and nonsterile drug products.

Tony Cundell

W
ith a rapidly emerging state-regulated indus-

try producing both recreational and medicinal 

cannabis products, there are many questions 

surrounding the microbiological attributes of cannabis-

derived products. This review article discusses the risk of 

microbial contamination of these products and the most 

appropriate microbiological specifi cations and test meth-

ods for the widely different products that range from 

smoked powdered cannabis buds to chemically defi ned 

pharmaceutical drug products. Part of the challenge is 

that cannabis-derived products based on the consumer 

(medical and recreational) and mode of use may be viewed 

as herbal products, recreational drugs, foods, or pharma-

ceutical drug products. Critical issues to be addressed by 

state regulators and the cannabis industry alike are the mi-

crobiological specifi cations and test methods for these 

widely different products.

Risk Assessment

What are the biggest risks with cannabis-derived prod-

ucts? In medical use, smoking cannabis has been used to 

control weight loss associated with the human immunode-

fi ciency virus (HIV) and acquired immune defi ciency syn-

drome (AIDS), preventing nausea associated with chem-

otherapy, and alleviating pain associated with a range of 

illnesses. These patient populations will be more suscep-

tible to microbial infection than recreational users. With 

respect to mode of administration, the microbiological 

36 Feature

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


38 Feature

CANNABIS SCIENCE AND TECHNOLOGY | www.CannabisScienceTech.com VOL 2 • NO 4 • JULY/AUGUST 2019

quality requirement will be widely dif-

ferent for cannabis that is smoked, 

vaped, topically applied, or eaten. As 

many medicinal cannabis users have 

severely compromised immune sys-

tems, medical cannabis distributed 

by licensed producers in the Neth-

erlands and Canada is irradiated for 

control of the bioburden but not to 

sterilize the product.

Does the scientifi c literature report 

concerns with the microbial contam-

ination of cannabis? This issue was 

addressed by the author in an earli-

er publication that may have escaped 

the cannabis industry’s attention be-

cause of its publication in a phar-

maceutical trade journal (1). Groups 

prone to chronic pulmonary asper-

gillosis (CPA) associated with med-

ical or recreational use of cannabis 

(2–12) include immune-compromised 

individuals receiving chemothera-

py and corticosteroids; solid organs 

and stem cell transplant recipients; 

and HIV or AIDS patients. In addi-

tion to CPA that has a high mortal-

ity rate, if not treated early, chronic 

use of smoked cannabis is associat-

ed with allergic broncho-pulmonary 

aspergillus (ABPA) (13). An authori-

tative review on the Aspergillus and 

Aspergillosis website (14) stated that 

the overall risk of aspergillosis ap-

peared low, given the large number 

of cannabis smokers. An exception 

noted would be invasive aspergillo-

sis in highly immune-compromised 

patients. This suggests that medical 

cannabis that is smoked should have 

more stringent fungal specifi cations 

than other products.

In addition, cannabis may be con-

taminated with other human patho-

gens during its cultivation, processing, 

and distribution. Outbreaks of hepatitis 

B (15) hepatitis A (16), and salmonello-

sis (17) have been reported. The author 

expects that this type of contamina-

tion may be more likely in fi eld-grown 

cannabis plants using irrigation wa-

ter, and poor hygiene practices among 

harvesters and processors, than great-

er capitalized greenhouse-grown can-

nabis operations.

Published surveys of the microbi-

al populations of powdered canna-

bis in peer-reviewed journals are few 

and of varying technical rigor. Higher 

mold numbers using the selective Sa-

bouraud Dextrose Agar (SDA) for can-

nabis compared to tobacco (200 to 

300 versus 104 to 107 CFU/g), with the 

predominant fungi Penicillium spp., 

Aspergillus fumigatus, and A. fl avus 

have been reported (18). 

This study reported that cigarette 

smoke was negative for mold but ciga-

rettes are tightly rolled and burn at high-

er temperatures than joints. Other stud-

ies have shown that smoke from both 

burning tobacco and marijuana ciga-

rettes contain fungal spores (19,20). In 

an evaluation of the quality of medicinal-

grade and coffee shop-purchased can-

nabis in the Netherlands (21), it was re-

ported that irradiated medicinal-grade 

cannabis contained less than 10 CFU/g 

enterobacteria and Gram-negative bac-

teria (bile-tolerant, Gram-negative bac-

terial count) and less than 100  CFU/g 

molds and aerobic bacteria (total aero-

bic microbial count) while 10 samples of 

coffee shop cannabis ranged from less 

than 10 to 80,000  CFU/g bile-tolerant, 

Gram-negative bacterial counts and 120 

to 480,000 CFU/g total aerobic microbi-

al counts. 

The contaminants from one of the 

10 samples were identifi ed as the fe-

cal bacterium E. coli and molds of the 

common genera Penicillium, Clad-

osporium, and Aspergillus.

Table I: USP <1111> microbiological quality requirements for a dry powder inhalation 

product

Parameter Total Aerobic 

Microbial Count 

(CFU per g or mL)

Total Combined 

Yeast and Mold 

Count (CFU 

per g or mL)

Absence of Specified 

Microorganisms 

in 1 g or mL

Dry powder 

inhalation 

products

NMT 102 NMT 101

Absence of bile tolerant 

Gram-negative bacteria, 

Staphylococcus aureus and 

Pseudomonas aeruginosa 

Table II: Comparison of microbiological limit from different standard setting 

organizations

Parameter Total 

Aerobic 

Microbial 

Count* 

Total Yeast 

and Mold 

Count* 

* Bile-Tolerant 

Gram-Negative 

Bacterial Count*

Absence of 

Specified 

Microorganisms 

Dried, unpro-

cessed herbs used 

in dietary supple-

ments (AHPA)

107 105 104

E. coli in 10 g;

Salmonella 
spp. in 25 g

Plant mate-

rial for internal 

use (WHO)

105 103 103

E. coli NMT 10;

Salmonella spp. 

None in g

Finished botanical 

products (Ph. Eur.)
104 102 102

E. coli in 1 g; 

Salmonella 
spp. in 10 g

Dried or 

powdered 

botanicals (USP)

105 103 103 E. coli and Salmo-
nella spp. in 10 g

*CFU per g of material
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Review of 

Cannabis-Derived Products

This section of my review discuss-

es the defi nition of cannabis-based 

products as pharmaceuticals per U.S. 

Pharmacopeia (USP) <1151 > Phar-

maceutical Dosage Forms, food clas-

sifi cations, and state cannabis reg-

ulations. The hierarchy of risk of 

microbial infection based solely on 

the invasiveness of the route of ad-

ministration would be vaping > smok-

ing > topical application > oral con-

sumption. It is expected that the risk 

to the cannabis users will be largely 

determined by their underlying medi-

cal status and frequency of usage.

Cannabis Buds Smoked

As far as the author knows, no phar-

maceutical drug product is smoked, 

so how to set a microbiological spec-

ifi cation for cannabis buds is more 

challenging. The literature suggests 

that microorganisms, especially fungal 

spores, may survive the burning pro-

cess, be inhaled into the lungs, and re-

sult in infection especially in immuno-

suppressed users. The microbiological 

requirements for inhalation products 

as found in USP <1111> Microbiolog-

ical Examination of Non-Sterile Prod-

ucts: Acceptance Criteria for Pharma-

ceutical Preparations and Substances 

for Pharmaceutical Use are more strin-

gent and less achievable with a plant-

derived material than recommended 

by standard-setting organizations for 

botanical products (Table I).

What are the microbial specifi ca-

tions for herbal products? Table II 

compares the microbiological qual-

ity recommendations (total aerobic 

microbial count, total yeast and mold 

count, bile-tolerant, Gram-negative 

bacterial count, and absence of spec-

ifi ed microorganisms) from the the 

American Herbal Products Association 

(AHPA), the World Health Organiza-

tion (WHO), European Pharmacopeia 

(Ph. Eur.), and USP for dietary supple-

ments, herbs, and botanical products.  

In 2014, the American Herbal Phar-

macopoeia (AHP) issued a revised 

monograph entitled Cannabis In-

fl orescence—Standards of Identity, 

Analysis, and Quality Control that pro-

vided microbial and fungal limits that 

were claimed to be consistent with 

applicable state, federal, and interna-

tional regulations that were based on 

botanical products. This monograph 

is highly infl uential in the cannabis in-

dustry (see Table III).

The USP published a stimulus ar-

ticle entitled “The Advisability and 

Feasibility of Developing USP Stand-

ards for Medical Cannabis” that dis-

cussed the issues around setting 

standards for medical cannabis (22). 

The monograph cited the U.S. Food 

and Drug Administration (FDA) Bacte-

riological Analytical Manual (23) as a 

source of appropriate methods. An-

other good source of microbial meth-

ods would be USP <2021> Microbial 

Enumeration Tests—Nutritional and 

Dietary Supplements and USP <2022> 

Microbiological Procedures For Ab-

sence Of Specifi ed Microorganisms  —

Nutritional And Dietary Supplements. 

The author believes that the limits rec-

ommended in the AHP monograph 

were qualifi ed in terms that medi-

cal cannabis may need more restric-

tive limits addressing the presence 

of members of the genus Aspergillus, 

and that the limits recommended will 

not be suitable for extracted and high-

ly purifi ed cannabinoids where micro-

organisms would not survive the man-

ufacturing process.

What is missing is a comprehensive 

survey of the microbial content of can-

nabis-derived products to serve as a 

baseline for the development of risk-

based microbial specifi cations, an un-

derstanding of the different levels of 

risk in user populations, and an under-

standing of the microbiological attrib-

utes of products derived by different 

Table III: AHP microbial and fungal limits for orally consumed botanical products in the 

U.S. (CFU/g)

Total 

Viable 

Aerobic 

Bacteria

Total 

Yeast 

and 

Mold

Total 

Coliforms

Bile-Tolerant 

Gram-

Negative 

Bacteria

E. coli 
(Pathogenic 

Strains) and 

Salmonella

Unprocessed 

materials
105 104 103 103 Not detected 

in 1 g

Processed 

materials
105 104 103 103 Not detected 

in 1 g

CO  
2
 and sol-

vent-based 

extracts

104 103 102 102 Not detected 

in 1 g

Table IV: Microbial limits (bacteria, fungus) from the Colorado Department of Public 

Health

Test Parameter Acceptable Limits per Gram Product to 

be Tested

Shiga-toxin producing Esch-
erichia coli (STEC)*- bacteria

<1 colony forming unit (CFU) Flower; retail 

marijuana prod-

ucts; water- and 

food-based 

concentrates

Salmonella spe-

cies* – bacteria
<1 CFU 

Total yeast and mold <104 CFU

*Testing facilities should contact the Colorado Department of Public Health and Environment when STEC and 
Salmonella are detected beyond the acceptable limits. 
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manufacturing processes. As more 

U.S. states legalize medical and recre-

ational cannabis products, they are in-

dependently setting microbial specifi -

cations without this understanding. For 

example, Table IV contains the microbi-

al limits required by the Colorado De-

partment of Public Health.

What may be wrong with this ap-

proach? These limits emphasize the 

exclusion of foodborne bacterial 

pathogens E. coli and Salmonella and 

the numbers of molds in the prod-

ucts. In food microbiology, it is gen-

erally viewed as impractical to screen 

for pathogenic E. coli in routine food 

surveillance programs, and this type 

of testing would be reserved for out-

break investigations. Setting a lim-

it for the number of E. coli per gram 

of product as indicative of recent fe-

cal contamination would be recom-

mended by the author over specifi c 

pathogenic E. coli screening.

Salmonellae in powdered canna-

bis may survive despite the low water 

activity of the material, but would be 

eliminated during smoking. Handling 

material before smoking could be a 

source of enteric infection, where-

as Salmonella spp. may contaminate 

and survive in olive oil used to extract 

cannabinoids from cannabis buds. 

As with Salmonella in contaminated 

fl our and cake mixes that have caused 

foodborne infection when eaten raw, 

baking or frying of the cannabis-

laced baked product will destroy this 

serious bacterial pathogen.

As to the control and monitoring of 

the fungal content of cannabis-derived 

products, the question is whether set-

ting a total yeast and mold count 

(TYMC) limit, that is, not more than 

(NMT) 104  CFU/g, is suffi cient to pro-

mote user safety, or if members of the 

genus Aspergillus should be specifi cal-

ly excluded because of its role in chron-

ic pulmonary aspergillosis and the 

potential afl atoxin production. For ex-

ample, the state of Colorado favors set-

ting a TYMC limit, whereas the state of 

California favors routine screening for 

specifi c Aspergillus species (A. fumiga-

tus, A. fl avus, A. niger, and A. terreus). If 

it can be clearly established that Asper-

gillus is storage contaminant, and not 

an epiphytic microorganism associated 

with cannabis plants, then the empha-

sis should be placed on post-harvest 

drying and storage as a risk mitigation 

step, with water content (water activity) 

added to the cannabis specifi cations in 

place of screening for specifi c Aspergil-

lus species. The reader is directed to a 

discussion of the distinction between 

epiphytic fungi, fungal diseases of can-

nabis plants, and cannabis storage fun-

gi (24). The author recommends the 

microbiological standards for unpro-

cessed cannabis as shown in Table V.

Purifi ed Cannabinoids

In contrast to buds, which are smoked, 

the active ingredients in the cannabis 

plant may be solvent extracted from 

the dried, powdered plant material to 

be smoked, vaporized, eaten, or ap-

plied topically. 

The extraction method will depend 

largely on the cannabinoids target-

ed for purifi cation and the type of 

concentrate wanted. The three most 

common extraction procedures are 

butane, alcohol, or supercritical car-

bon dioxide extractions (25).

Carbon Dioxide Extraction

These systems use carbon dioxide 

(CO
2
) pressurized to its supercritical 

state. This converts CO
2
 into a liquid 

that passes through a chamber con-

taining powdered cannabis materi-

al. The fi ltrate can be isolated easily 

by reducing the pressure that evapo-

rates the CO
2
, leaving a cannabis ex-

tract with no solvent. 

Sophisticated extractors on the 

market can also incorporate fraction-

ation to isolate individual cannabi-

noids, which enables process tuning 

to isolate desired components, and 

recover the CO
2
 for reuse. 

The resulting material according to 

the fi nal stages of processing may be 

called shatter, wax, budder, or crumble.

Butane Extraction

These systems pressurize butane, pro-

pane, or other low molecular weight 

hydrocarbons to a liquid state. Care 

must be taken as these solvents are 

fl ammable at room temperature. The 

liquid hydrocarbon passes through 

a bed of powdered cannabis materi-

al and fi lter, yielding a hydrocarbon 

extract solution of hydrocarbon and 

the cannabinoids. Like the CO
2
 meth-

od, a reduction in pressure evapo-

rates the hydrocarbon liquid, yielding 

a solvent-free cannabinoid. Main-

taining the pressurized hydrocar-

bon in the liquid state requires low 

Table V: Recommended microbiological limits for unprocessed cannabis

Parameter Total Aerobic 

Microbial 

Count* 

Total Yeast 

and Mold 

Count*

Bile-Tolerant 

Gram-Negative 

Bacterial Count*

Absence of 

Specified 

Microorganisms 

Water 

Activity

Aflatoxin Limit (ppm)

Dried cannabis 

buds (recom-

mended)

104 103 102

E. coli, Salmonella 
spp., and Aspergil-

lus spp. in 1 g

NMT 0.75

NMT 20 Afl atoxin B1

NMT 0.5

Afl atoxin M1

*Not more than the specifi ed CFU per g
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temperatures. Recirculating temper-

ature control units that can provide 

cooling to -60 °C (-76 °F) and below fa-

cilitates this process. Heating circula-

tors are also incorporated to increase 

the liquid butane evaporation to iso-

late the extract and recycle the bu-

tane. The resultant concentrate is fre-

quently described as butane hash oil.

Alcohol Extraction

This is the least sophisticated extract 

method of the three. Food-grade 

ethanol is used as a solvent to extract 

cannabis plant material. This can be 

used with vessels varying from reac-

tors to barrels. A popular process has 

the ethanol chilled to <-20 °C (-4 °F) 

either in a cold room or freezer and 

then pumped into a container of can-

nabis. After a soak period, the etha-

nol solution is either fi ltered or the 

plant material removed in a “tea bag” 

fashion. The resultant ethanol mother 

liquor and extract is then concentrat-

ed by removing the ethanol. Typical 

distillation apparatus used to remove 

the ethanol include rotary evapora-

tors or a vacuum distillation system. A 

simple form that allows the alcohol to 

evaporate is called quick wash isopro-

pyl alcohol hash oil (QWISO).

Review of these three extraction 

and purifi cation procedures strong-

ly indicates that, other than bacte-

rial spores, microorganisms will not 

survive contact with organic sol-

vents, freezing temperatures without 

a cryo-protectant, and elevated tem-

peratures associated with distillation. 

This suggests that cannabis buds 

and infusions, tinctures, and edibles 

made from oil-extracted cannabis in 

terms of microbiological specifi cation 

should be treated differently than pu-

rifi ed cannabinoids in terms of mi-

crobial specifi cations and testing be-

cause of the lower risk of microbial 

contamination (see Table VI).

Cannabis Oil and Waxes (Vaporized)

An electronic cigarette is a battery-

operated vaporizer, which simulates 

the experience of smoking, without 

burning tobacco. Their use is com-

monly termed vaping. Vaping is the 

rapidly growing delivery method for 

nicotine, especially amongst young-

er people, and will grow amongst 

cannabis users. The literature re-

ports these electronic vaping devic-

es offer greater effi ciency in nicotine 

delivery than smoking cigarettes, 

without the inherent dangers of to-

bacco tars, carbon monoxide, and 

poly aromatic hydrocarbons. The 

vehicle of vaping is a heat-generat-

ed aerosol of propylene glycol, glyc-

erin, fl avoring, and nicotine or can-

nabinoids. Whereas the combustion 

temperatures of smoking cannabis 

ranges from 600–900 °C with around 

30% of the cannabinoids lost by py-

rolysis, vaping heats the cannabis 

oils and waxes to 160–230  °C. Can-

nabinoids vaporize near their boil-

ing points. The boiling points of 

cannabinoids occur in this range: 

tetrahydrocannabinol (THC) 157  °C, 

cannabidiol (CBD) 160–180  °C, and 

cannabinol (CBN) 185  °C (26). The 

cannabinoid extraction process, 

storage in a propylene glycol-glyc-

erin mixture E-solution of low water 

activity, and the vaporization tem-

perature all make it highly unlikely 

the heat-generated aerosol will con-

tain viable microorganisms.

Canna-butter, Vegetable 

Oil, Tea, or Tincture (Edible)

Olive oil may be a common choice for 

cannabis extracts used for cooking. 

Studies of the naturally occurring mi-

croorganisms in olive oil have been lim-

ited and do not give a complete pic-

ture for olive oils produced in all of the 

olive-producing regions of the world 

(27). For example, Italian researchers 

(28,29) examined olive oils produced 

in central Italy, and conducted micro-

biological analysis for aerobic (stand-

ard plate count agar) and lactic acid 

bacteria (MRS agar), yeasts (SDA), and 

molds (glucose yeast extract agar with 

gentamicin and chlorampenicol). They 

reported that yeasts were consistently 

present both initially and during stor-

age, molds were occasionally found, 

and bacteria were never found. 

The molds belonged primarily to 

the genus Aspergillus. Using light 

microscopy, they found that the mi-

croorganisms and the solid particles 

were entrapped in micro drops of 

vegetation water that were suspend-

ed in the olive oil.

Teas may be made by suspending 

and steeping powdered cannabis in 

boiling water, which should eliminate 

vegetative microorganisms. Similarly, 

tincture made with greater than 50% 

ethanol would be free of vegetative 

microorganisms, so routine screening 

for specifi ed microorganisms could 

be eliminated.

Pharmaceuticals

USP <1151> Pharmaceutical Dosage 

Forms has a three-tier classifi cation:

1. Route of administration 

(injection or implantation, 

gastrointestinal, topical or 

dermal, mucosal, and inhalation).

2. Dosage form (aerosols, capsules, 

creams, emulsions, fi lms, 

foams, gases, gels, granules, 

implants, injections, inserts, 

irrigations, liquids, lotions, 

lozenges, ointments, pastes, 

Table VI: Microbiological quality requirement for purifi ed cannabinoids

Parameter Total Aerobic Microbial 

Count (CFU per g or mL)

Total Combined Yeast 

and Mold Count 

(CFU per g or mL)

Purifi ed cannabinoids NMT 103 NMT 102
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pellets, pills, plasters, powders, 

soaps and shampoos, solutions, 

sprays, strips, suppositories, 

suspensions, tablets, and tapes).

3. Release pattern (immediate, 

extended, and delayed).  

For cannabis-derived products we 

can add a fourth tier—recreational or 

medicinal. For example, a paste-fi lled 

hard shell capsule containing the drug 

substance CBD would be classifi ed as 

a pharmaceutical drug product having 

a gastrointestinal route of administra-

tion for medical use.

Oral Capsules 

and Liquids (Pharmaceutical)

Based on the recommendations in 

USP <1111> Microbiological Exami-

nation of Non-Sterile Products: Ac-

ceptance Criteria for Pharmaceu-

tical Preparations and Substances 

for Pharmaceutical, consumers (pa-

tients) should use an appropriate 

microbiological quality require-

ment for a pharmaceutical oral dos-

age form containing highly purified 

cannabis derivatives as described 

in Table VII.

Salves (Topical)

Based on the recommendations in 

USP <1111>, an appropriate micro-

biological quality requirement for a 

pharmaceutical topical dosage form 

containing highly purifi ed cannabis 

derivatives would be as described in 

Table VIII.

Baked Goods

The normal microbiological pro-

fi le of baked goods is mold  <102 to 

103 counts/g; yeast and yeast-like fun-

gi <10 to 103 counts/g; bacteria-aero-

bic plate count <102 to 103 CFU/g and 

coliform count <10 to 102 CFU/g (30). 

The baking or frying process destroys 

most of the microorganisms in baked 

goods. Exceptions may be Gram-

positive, spore-forming bacteria such 

as B. subtilis that survive the baking 

process and cause spoilage. Post-

baking mold contamination can occur 

if baked goods are stored at ambient 

temperature for prolonged periods. 

Water Activity Determination

As discussed earlier, rapid drying 

of cannabis plant material from 60–

80% to 6–12% moisture content at 

temperatures below 40  °C will pre-

vent mold growth without degrading 

cannabinoids. The water activity will 

be reduced from 0.80–0.90, a range 

that readily supports the growth of 

the mold Aspergillus fl avus stored at 

temperatures above 25  °C, to 0.40–

0.50, which does not support fungal 

growth (31). Modeling the effect of 

water activity and temperature on the 

growth rate and afl atoxin production 

by A. fl avus on harvested rice demon-

strated an optimum growth tempera-

ture of 30 °C with growth above 0.84 

with higher toxin production at high-

er water activities (32). Clearly water 

activity (content) is a critical physical 

attribute for the protection of pow-

dered cannabis from storage molds 

and mycotoxin production. A review 

of the moisture sorption isotherms of 

spices, in absence of those for can-

nabis, indicates that unprotected ex-

posure of powdered cannabis to hu-

midity exceeding 80% will promote 

water adsorption and result in mold 

growth. A recently published article 

(33), reported the moist adsorption 

isotherms of hemp seed (Cannabis 

sativa L) and that drying conditions at 

40  °C and 50% RH will achieve mois-

ture content less than 6%. The result-

ing material will not support fungal 

growth. Storing powdered cannabis 

in paper or jute bags is a bad idea be-

cause it will not protect the product 

from elevated humidity.

Water activity determination has 

been widely applied to the food, cos-

metics, and pharmaceutical indus-

tries (34,35). Standardized water ac-

tivity determination methods have 

been published recently. These in-

clude the ASTM D8196 Standard Prac-

tice for Determination Water Activity 

(Aw) in Cannabis Flower and the more 

generic USP <922> Water Activity.

Microbiological Testing of 

Cannabis-Derived Products

Standard-setting organizations includ-

ing the Association of Offi cial Analyt-

ical Chemists (AOAC), USP, American 

Botanical Product Association (ABPA), 

Association of Public Health Labora-

tories (APHL), International Organiza-

tion for Standardization (ISO), U.S. De-

partment of Agriculture (USDA), and 

the FDA recommend microbiological 

screening methods that can be used 

for cannabis-derived products.

Table VII: Microbiological quality requirement for a pharmaceutical oral dosage form

Parameter Total Aerobic 

Microbial Count 

(CFU per g or mL)

Total Combined Yeast 

and Mold Count 

(CFU per g or mL)

Absence of Specified 

Microorganisms 

in 1 g or mL

Oral capsule 

and oral liquid 

drug products

NMT 103 NMT 102 Absence of E. coli 

Table VIII: Microbiological quality requirement for a pharmaceutical topical 

dosage form

Parameter Total Aerobic 

Microbial Count 

(CFU per g or mL)

Total Combined Yeast 

and Mold Count 

(CFU per g or mL)

Absence of Specified 

Microorganisms 

in 1 g or mL

Topical 

products
NMT 103 NMT 102 Absence of P. aerugi-

nosa and S. aureus 
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The most critical test methods 

would be the total yeast and mold 

count and tests for the absence of As-

pergillus. Most selective fungal isola-

tion media suppress the overgrowth 

with bacteria by high carbohydrate 

concentration, low pH, and the inclu-

sion of antibiotics in the media. SDA, 

the original formulation or the Em-

mons modifi cation, without any anti-

biotic, has historically been used as 

the standard medium for the prima-

ry isolation of fungus and is still wide-

ly used (36).  SDA is cited in USP <61>, 

<2021>, and the FDA Bacteriological 

Analysis Manual. An experienced my-

cologist can readily identify A. fumig-

atus by its color and colony morphol-

ogy and mode of sporulation when 

grown on SDA, and even differentiate 

it from A. niger, A. fl avus, and A. ter-

reus , but the average microbiologist 

would not.

Perhaps a simpler approach is the 

use of Aspergillus fl avus and parasit-

icus Agar (AFPA) that was developed 

by Australian mycologists (37,38) as 

described by Beuchat in 1984. The 

formulation of this medium (33) was 

20  g of yeast extract, 10  g of pep-

tone, 0.5  g of ferric ammonium cit-

rate, 0.1 g of chloramphenicol, 0.002 g 

of dichloran (2,6-dichloro-4-nitroani-

line; 1.0  mL of a 2% ethanolic solu-

tion), and 15 g of agar per liter of dis-

tilled water. The pH of the medium 

was adjusted to 4.5 before sterilizing 

at 121 °C for 15 min. Sterilized media 

were cooled to 45–55 °C and poured 

to a depth of 5–7 mm into petri plates. 

The plates were allowed to remain at 

ambient temperature for 18–26  h be-

fore serial dilutions (0.1  mL) of test 

samples were spread over the surface 

with sterile glass rods. The total num-

ber of colonies of yeasts and molds as 

well as the number of colonies show-

ing orange-yellow reverse coloration 

indicative of potentially afl atoxigenic 

aspergilli were recorded after 42–44 h 

of incubation.

The use of next generation sequenc-

ing (NGS) was used to survey of the fun-

gal communities found in dispensa-

ry-based cannabis fl owers by internal 

transcribed spacer (ITS2) sequencing, 

and demonstrate the sensitive detec-

tion of several toxigenic penicillium and 

Aspergillus species (39). The suitability 

of NGS in routine microbiological test-

ing laboratories may be practical in the 

near future as the price drops and the 

technology is simplifi ed.

All cannabis testing laboratories 

should be certifi ed as to complying 

with an appropriate standard such as 

the ISO 17025:2017 General Require-

ments for the Competence of Testing 

and Calibration Laboratories.

Processing Steps

The critical processing steps are 

growing, harvesting, milling, and dry-

ing cannabis buds. These steps share 

many of the risk factors associated 

with leafy vegetables.

The microbial risk associated with 

the extraction and purifi cation steps 

are not clearly defi ned. The expecta-

tion is that the formulation and manu-

facturing processes for pharmaceuti-

cal-grade cannabis-derived products 

will be regulated by the FDA and will 

comply with current good manufac-

turing practices.

Afl atoxins

Afl atoxins are secondary metabolites 

produced primarily by the fungi As-

pergillus fl avus and Aspergillus para-

siticus in agricultural foodstuff such as 

peanuts, maize grains, cereals, and an-

imal feeds. The Food and Agricultural 

Organization (FAO) estimated that as 

much as 25% of the world’s agricultur-

al commodities are contaminated with 

mycotoxins, leading to signifi cant eco-

nomic losses. Moreover, afl atoxins are 

highly toxic, mutagenic, teratogenic, 

and carcinogenic. Assay methods can 

be found in USP Chapter <561> Arti-

cles of Botanical Origin. The preva-

lence of mycotoxins in cannabis buds 

is largely unknown (40,41), but will be 

related to the post-harvest moisture 

content (water activity) of stored mate-

rial. An earlier publication (42), report-

ed the A. fl avus and A. parasiticus pro-

duced afl atoxin when inoculated onto 

cannabis plants.

Another related issue is whether 

Table IX: Chemical and physical characteristics of afl atoxins (43)  

Mycotoxins Molecular Weight Solubility Stability FDA Limit (ppb)

Afl atoxin B1 312.3 Insoluble in nonpolar solvents, slightly 

soluble in water (10–20 μg/mL), freely 

soluble in moderately polar organic 

solvents, such as chloroform, metha-

nol, and dimethyl sulfoxide

Unstable to UV light in the 

presence of oxygen, at ex-

treme pH, and in the pres-

ence of oxidizing agents.

20

Afl atoxin M1 328.3 0.5

Deoxy-

nivalenol
296.3

Soluble in chloroform, ethanol, 

methanol, and ethyl acetate

Totally destroyed by moist 

heat at 120 °C after 30 min
1000

Fumonisins
B1 – 721

B2 – 705

Soluble in methanol, 

acetonitrile-water, and water

Partial destruction at 

170 °C after 60 min
2000–4000

Ochratoxin A 403.8
Moderately soluble in polar solvents, such 

as chloroform, ethanol, and methanol

Partial destruction under 

normal cooking conditions
N.A.
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afl atoxins and other mycotoxins are 

extracted from the plant material and 

copurifi ed with the cannabinoids. My-

cotoxins will probably not be extract-

ed from dry plant material using non-

polar solvents like butane, and may 

not survive a distillation procedure. 

However, defi nitive information ap-

pears to be lacking. Table IX summa-

rizes key chemical and physical char-

acteristics of common mycotoxins.

Conclusions

The cannabis industry is a rapidly 

emerging enterprise governed by a 

patchwork of state regulations and lit-

tle or no federal involvement. Microbial 

contamination risks associated with the 

wide range of cannabis-derived prod-

ucts are not fully defi ned. More com-

prehensive risk assessments, product 

testing histories, epidemiological in-

vestigations of reported human infec-

tion, and improved regulatory science 

will all be needed to develop appro-

priate in-process controls and fi nished 

product testing programs.
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Strain-Specifi c Isolation of Terpenes 

Utilizing Microwave-Assisted Extraction

As the cannabis industry matures, terpene isolation from cannabis plant material has become a 

primary issue. So far, there have only been two practical applications: steam distillation, which is 

time consuming and smaller in scale, or CO
2
 extraction, which requires expensive equipment and 

an experienced operator. Solvent-free microwave-assisted extraction solves these problems with a 

cost-effective, effi cient solution. The process requires nothing other than water, takes roughly 1 h per 

run, and yields tetrahydrocannabinol (THC) free, strain-specifi c terpenes from a variety of starting 

materials. Throughout this article, I discuss the capabilities of microwave-assisted extraction and 

how the cannabis industry can utilize it.

Stephen C. Markle

P
ercy Spencer invented the microwave in 1945 (1) 

and since that time it has revolutionized the way 

food has been cooked and prepared. However, 

microwaves have numerous uses outside of the kitch-

en. By the mid-1970s, chemists began using them for 

a wide variety of applications in inorganic and organ-

ic sample preparation (2) with materials ranging from 

soils and food to electronic boards (3). This instrumen-

tation has been an asset to the scientific community 

over the last 40 years and will continue to be. In this 

article, we are going to discuss the capabilities of this 

technology in the isolation of strain-specific terpenes 

from the cannabis plant. 

Common Terpene Isolation Methodology

Harvesting terpenes from cannabis is generally complet-

ed in two ways. One utilizes steam distillation in a Clev-

enger apparatus or similar set-up to facilitate terpene re-

moval. The other process utilizes CO
2
 as the extraction 

solvent, collecting the terpenes as an initial fraction with-

in the closed loop system. While both processes work ad-

equately, they each have drawbacks. Steam distillation re-

quires a signifi cant amount of heat under a long dwell time 

to achieve a full extraction. The length of time under heat 

can have an effect on product quality. It is also diffi cult 

to scale in comparison to CO
2
 and microwave-assisted ex-

traction techniques. While subcritical CO
2
 is an effi cient 
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way to remove terpenes from plant 

material, the technique lacks the abil-

ity to effi ciently process wet or fresh 

frozen material. This is because of 

the interaction between water and 

carbon dioxide forming carbonic acid 

(CO
2
 + H

2
OnH

2
CO

3
) (4), which can 

cause an acidic pH change in the fi nal 

product affecting the overall fl avor. 

The implementation of a commercial 

supercritical CO
2
 extraction system is 

also a large initial capital investment 

that requires an experienced opera-

tor to achieve optimal results. 

Microwave Theory

Microwave-assisted extraction solves 

these problems with the introduc-

tion of an affordable and effi cient sys-

tem that requires minimal experience 

to operate. Utilizing a set of magne-

trons, the system channels micro-

waves throughout the sample cavi-

ty and uses them as a form of energy 

to excite polar molecules. In the can-

nabis application, that polar mol-

ecule is water. As the microwaves 

pass through the sample matrix, eve-

ry change in the electric fi eld of the 

wavelength causes a dipole rotation 

of the water molecules. This rotation 

generates friction, causing a tremen-

dous amount of heat very rapidly (5). 

This heat eventually causes the wa-

ter to change from its liquid phase to 

steam. The increase in heat and pres-

sure caused from this steam releases 

the terpenes from the plant materi-

al (6). As the steam begins to exit the 

microwave cavity into the distillation 

Figure 2: GC–MS chromatogram for fresh frozen OGKB 2.0 terpenes. 

Figure 1: An Ethos X microwave system with a 5 L vessel and glass fragrance extraction 

kit manufactured by Milestone SRL.

Figure 3: Isolated terpenes from cured 

OGKB 2.0 fl ower. 
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head, it carries these newly released 

terpenes with it. The microwave pro-

cess is more effi cient than standard 

steam distillation because instead 

of using convection heat, the micro-

waves heat evenly throughout the 

sample matrix.

Experimental Design

The development work was done us-

ing an Ethos X microwave system with 

a 5 L vessel and glass fragrance ex-

traction kit manufactured by Mile-

stone SRL (Figure 1). The only addi-

tional materials needed are water 

and cannabis biomass. The process 

works on trim or fl ower, either freshly 

harvested or fresh frozen or in cured 

form. The fi rst portion of the work 

discussed is done using fresh frozen 

fl ower material, followed by applying 

the same process on cured fl ower ma-

terial. The strain used in this develop-

ment work is OGKB 2.0 and the strain 

choice was because of inventory con-

straints at the time of development. 

The intent was to compare the same 

strain in both fresh frozen form as 

well as fi nished shelf-grade material, 

and OGKB 2.0 was the only strain we 

had in both forms at the time. Fresh-

ly harvested material, without freez-

ing, is not an option because of Ne-

vada state regulations, as it must be 

frozen within 2 h of harvest and tested 

by a third party analytical laboratory 

before being transferred to a produc-

tion license. The microwave extrac-

tion method used was the same for 

both varieties of material and can be 

seen in Table I.

Process and Results

Since fresh frozen cannabis mate-

rial generally has a water content 

Table II: Potency and terpene profi le of fresh frozen OGKB 2.0 pre-extraction

Terpene Profile Cannabinoid Profile

Compound % Compound %

δ-Limonene 0.131 THCa 6.043

β-Myrcene 0.067 ∆9-THC 0.164

β-Caryophyllene 0.067 ∆8-THC 0.144

Linalool 0.065 THCV <LOQ

α-Humulene 0.03 CBDa <LOQ

β-Pinene 0.024 CBD <LOQ

α-Pinene 0.013 CBDVa <LOQ

α-Bisabolol <LOQ CBDV <LOQ

α-Terpinene <LOQ CBGa 0.22

Camphene <LOQ CBG <LOQ

Caryophyl-

lene Oxide 
<LOQ CBN 0.087

cis-Nerolidol <LOQ CBC <LOQ

cis-Ocimene <LOQ Total Potential THC 5.464

δ-3-Carene <LOQ Total Cannabinoids 6.658

Eucalyptol <LOQ

γ-Terpinene <LOQ

Guaiol <LOQ

Isopulegol <LOQ

p-Cymene <LOQ

Terpinolene <LOQ

Trans-Nerolidol <LOQ

Trans-Ocimene <LOQ

Total Terpenes 0.398

Figure 4: THC vape pen diluted with cannabis-derived terpenes isolated using micro-

wave assisted extraction. 

Table I: 5 L vessel extraction method

Time Wattage 

00:12:00 1200

00:38:00 800
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upwards of 70%, no additional wa-

ter needs to be added in the process. 

To begin, the frozen cannabis was 

removed from a -25 °C freezer and al-

lowed to stand at ambient tempera-

ture to thaw for 1  h. Once the plant 

material had warmed, it was dropped 

evenly into the material vessel. Pack-

ing the material with any type of pres-

sure is not recommended because 

it creates a less effi cient distillation. 

Once the vessel was fi lled, it was 

placed into the microwave cavity of 

the microwave system and the extrac-

tion process was started. 

Since the plant was tested as fro-

zen material after harvest, there is a 

reference point for potency and ter-

pene content that can be seen in Ta-

ble II. This test panel is done on an 

“as is” basis, so water content has not 

been factored out. This accounts for 

the potency and terpene content be-

ing at lower-than-average values. 

Once the run completed, terpenes 

were collected from the burette of 

the microwave system. Since they are 

not miscible with water, they sit as an 

oil layer above the water layer. Water 

contamination is unavoidable during 

collection. To help mitigate this prob-

lem, the water and terpene collection 

was placed in a griffi n beaker and al-

lowed to fully separate at room tem-

perature for 5 min. Once full separa-

tion was visually observed, the beaker 

was placed in a freezer for 1 h. During 

that time, the water freezes into a sol-

id layer of ice while the terpenes re-

main in liquid form above the frozen 

water. The terpene layer can then be 

decanted into a collection vessel for 

a pure terpene fraction. This water re-

moval can also be accomplished us-

ing a separatory funnel or by running 

the solution through a bed of sodium 

sulfate if state regulations allow.

In this batch of fresh frozen OGKB 

2.0, the total terpene yield by weight 

was 0.51%, compared to the analyti-

cal result of 0.39% total terpenes seen 

previously in Table II. These pure ter-

penes were then sent to a third par-

ty analytical laboratory for potency 

and terpene profi ling. The harvested 

terpenes tested as nondetectable for 

all cannabinoids. As seen in Table III, 

Table III: Isolated terpene profi le for OGKB 2.0 fresh frozen material 

Terpene Profile Cannabinoid Profile

Compound % Compound %

δ-Limonene 26.959 THCa <LOQ

β-Myrcene 12.829 ∆9-THC <LOQ

Linalool 6.029 ∆8-THC <LOQ

α-Humulene 4.927 THCV <LOQ

α-Pinene 2.576 CBDa <LOQ

Trans-Nerolidol 2.258 CBD <LOQ

β-Pinene 1.607 CBDVa <LOQ

cis-Nerolidol 1.182 CBDV <LOQ

Camphene 0.956 CBGa <LOQ

α-Bisabolol <LOQ CBG <LOQ

α-Terpinene <LOQ CBN <LOQ

β-Caryophyllene <LOQ CBC <LOQ

Caryophyllene Oxide <LOQ Total Potential THC <LOQ

Cis-Ocimene <LOQ Total Cannabinoids <LOQ

δ-3-Carene <LOQ

Eucalyptol <LOQ

γ-Terpinolene <LOQ

Guaiol <LOQ

Isopulegol <LOQ

p-Cymene <LOQ

Terpinolene <LOQ

Trans-Ocimene <LOQ

Total Terpenes 59.323

Figure 5: High terpene full spectrum extract. 
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the total terpene content was found 

to be 59.32% total by weight. There 

are two main reasons that this num-

ber does not get near the 100% puri-

ty levels expected in the sample. The 

fi rst is analytical variability found in all 

testing laboratories. However, that is 

a small factor when compared to the 

missing 40% we are looking for. The 

main issue is that most laboratories 

only have access to analytical stand-

ards containing the 23 major terpe-

nes found in cannabis (7). Since there 

are hundreds of terpenes found in the 

plants system, the industry is lack-

ing the analytical standards need-

ed to accurately quantitate the large 

array of compounds found in canna-

bis. As seen in the gas chromatog-

raphy–mass spectrometry (GC–MS) 

chromatogram in Figure 2, there are 

numerous peaks circled in red that 

do not have an associated analytical 

standard attached to them. Without 

these standards, the compounds can-

not be accurately quantifi ed and re-

ported. As the industry matures and 

develops, more standards will be cre-

ated and more compounds will be 

quantifi able. However, for now we are 

limited to accurately quantifying the 

standard mix of 23 terpenes, which 

puts some constraints on us as an 

industry. 

Once the terpene extraction was 

completed, a random sample of fl ow-

er was taken from the material vessel 

and sent out for third party analytical 

testing for both potency and terpene 

content. As seen in Table IV, only a 

small amount of terpenes were found 

on the plant material.  

The extraction process was then 

completed on cured OGKB 2.0 for a 

direct comparison between fresh fro-

zen and cured materials of the same 

strain. The only change between 

fresh frozen and cured material is 

that cured material requires a hydra-

tion step to reintroduce water into 

the plant material before processing. 

This step is heavily dependent on the 

moisture content of the plant prior to 

rehydration; however, the best results 

have been seen starting with 2  g of 

water to every 1 g of plant material. If 

the product becomes over-hydrated, 

the microwave may have issues reach-

ing optimal distillation temperatures 

during the run. However, water con-

tent can be removed and optimized 

while the instrument is running by al-

lowing water to periodically drain 

from the burette. If the material is not 

hydrated enough, it can burn and re-

lease some very unpleasant com-

pounds into the terpenes during dis-

tillation, ruining the end product.

The terpene yield by weight seen 

on cured OGKB 2.0 plant material was 

1.59%, again beating the tested analyt-

ical value of 1.46% seen on the cured 

fl ower. The isolated terpenes were 

then sent out to a third party analyti-

cal laboratory for terpene and poten-

cy profi ling. The results were similar to 

the fresh frozen sample sent out, yield-

ing nondetect on cannabinoid levels 

and a total terpene content of 68.35%. 

This material produced clear terpe-

nes that can be seen in Figure 3, as 

most material does; however, varying 

shades of yellows and oranges have 

been seen in our laboratory through-

out different varieties of cannabis. 

What About the Cannabinoids?

While valuable, terpenes are only part 

of the equation in the economics of 

cannabis. The plant also has a value in 

the cannabinoids it produces. These 

Table IV: Random sample of fresh frozen fl ower tested post-microwave extraction

Terpene Profile

Compound % LOQ%

α-Humulene 0.013 0.012

δ-Limonene 0.012 0.012

Trans-Nerolidol 0.006 0.004

β-Myrcene <LOQ 0.012

α-Pinene <LOQ 0.012

Linalool <LOQ 0.012

β-Pinene <LOQ 0.012

cis-Nerolidol <LOQ 0.008

Camphene <LOQ 0.012

α-Bisabolol <LOQ 0.012

α-Terpinene <LOQ 0.012

β-Caryophyllene <LOQ 0.012

Caryophyllene Oxide <LOQ 0.012

Cis-Ocimene <LOQ 0.008

δ-3-Carene <LOQ 0.012

Eucalyptol <LOQ 0.012

γ-Terpinolene <LOQ 0.012

Guaiol <LOQ 0.012

Isopulegol <LOQ 0.012

p-Cymene <LOQ 0.012

Terpinolene <LOQ 0.012

Trans-Ocimene <LOQ 0.004

Total Terpenes 0.032
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molecules are still intact in the plant 

material after having the terpenes ex-

tracted. As seen in Table V, the total 

potential tetrahydrocannabinol (THC) 

in the post extraction fresh frozen 

plant material closely matches the val-

ues pre-extraction. Both of the sam-

ples tested were chosen at random. 

One considerable difference is that 

tetrahydrocannabinolic acid (THCA) is 

almost fully decarboxylated post-mi-

crowave assisted extraction. The plant 

material is varying shades of brown, a 

product of the Maillard reaction, and 

has an extremely high moisture con-

tent. We fi rst attempted to simply 

freeze the material immediately after 

it was removed from the microwave 

then extract it using butane, similar to 

the production of live resin. However, 

the yields were found to be well be-

low expected values. It was thought 

that the excess moisture in conjunc-

tion with freezing the material was a 

factor in the yield loss, so a forced air 

oven was then used to completely dry 

the microwaved material prior to sol-

vent extraction. This change in pro-

cess provided the mathematical yields 

expected after solvent extraction. A 

sample of the resulting crude oil was 

sent out for potency testing, further 

purifi ed into THC distillate, and then 

sent out for potency testing again. 

The results can be seen in Table VI. 

This process was done to ensure that 

there were no unexpected side effects 

in THC production on post-microwave 

assisted extraction, such as isomeriza-

tion or potency degradation. No neg-

ative side effects were seen through-

out processing.

We Have Terpenes, What Now?

The terpenes isolated can be used in nu-

merous applications. They have a place 

in aromatherapy and topicals, but our 

facility uses them almost exclusively in 

the production of vape carts. We have 

found that by using cannabis-derived 

terpenes as the diluting agent for high 

potency distillate we have been able to 

produce a vape cartridge completely 

derived from cannabis that provides an 

unparalleled fl avor profi le, an example 

of which can be seen in Figure 4. These 

terpenes can also be added in higher 

amounts to other concentrate products

Table V: Potency comparison pre- versus post-microwave assisted extraction

Cannabinoid Profile

Pre-Microwave Extraction Post-Microwave Extraction

Compound % Compound %

THCa 6.043 THCa 0.954

∆9-THC 0.164 ∆9-THC 3.905

∆8-THC 0.144 ∆8-THC <LOQ

THCV <LOQ THCV <LOQ

CBDa <LOQ CBDa <LOQ

CBD <LOQ CBD <LOQ

CBDVa <LOQ CBDVa <LOQ

CBDV <LOQ CBDV <LOQ

CBGa 0.22 CBGa 0.157

CBG <LOQ CBG 0.195

CBN 0.087 CBN <LOQ

CBC <LOQ CBC <LOQ

Total Potential THC 5.464 Total Potential THC 4.742

Total Cannabinoids 6.658 Total Canabinoids 5.211

Table VI: Comparison between the potency of hydrocarbon extraction of microwaved 

material further processed into THC distillate

Cannabinoid Profile

Hydrocarbon Oil Distillate

Compound % Compound %

THCa 15.132 THCa <LOQ

∆9-THC 57.447 ∆9-THC 87.785

∆8-THC <LOQ ∆8-THC <LOQ

THCV 0.508 THCV 0.511

CBDa <LOQ CBDa <LOQ

CBD <LOQ CBD <LOQ

CBDVa <LOQ CBDVa <LOQ

CBDV <LOQ CBDV <LOQ

CBGa 1.126 CBGa <LOQ

CBG 1.677 CBG 3.306

CBN 0.41 CBN 0.615

CBC 0.891 CBC 0.654

Total Potential THC 70.718 Total Potential THC 87.785

Total Cannabinoids 77.193 Total Cannabinoids 92.87

(Continued on page 76)
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Solubilization of Phytocannabinoids 

Using Cyclodextrins

Two major active components of cannabis, cannabidiol (CBD) and tetrahydrocannabinol (THC), as 

well as minor cannabinoids and associated terpenes, are very poorly soluble in water. This property of 

cannabis presents major problems for product design and formulation that are diffi cult to overcome. 

One of the strategies for effective solubilization is based on using cyclodextrins (CD) that are cyclic 

polysaccharides capable of forming inclusion complexes with hydrophobic molecules. Cyclodextrins 

are considered generally recognized as safe (GRAS) by the U.S. Food and Drug Administration (FDA) 

and have been widely used in food, personal care, and pharmaceutical applications. This article 

reviews state-of-the-art approaches to produce CD-phytocannabinoid complexes, related processing 

and analytical techniques, and implications for cannabis product development. Continued interest 

for improved water solubility has been dictated by both highly desirable improvements in low and 

variable bioavailability of phytocannabinoids as well as development of better end user experience 

(such as taste, ease and convenience of use, better shelf product stability, and so on). Thus, the 

supply of liquid ingredients will be critically important for the rapidly expanding scope of novel 

consumer products for the recreational use, cannabis-enriched food, food additives, and personal 

care markets.

Alex Nivorozhkin

S
olubility of tetrahydrocannabinol (THC) in water is 

so low that traditional direct methods were found 

unusable for accurate measurements (1). THC sol-

ubility estimates were derived from the more soluble wa-

ter–ethanol mixtures with variable ethanol content, by the 

linear extrapolation of the 240 nm ultraviolet (UV) band for 

5–15% ethanol solution to 100% aqueous. This classical ex-

periment produced an often-cited THC solubility value of 

2.8 μg/mL at 23 °C that gets further reduced (almost to a 

quarter of that number) by desalting effects, to 0.77 μg/mL, 
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in 0.15 M NaCl. The water solubility of 

CBD falls in the same low range and 

has been reported at 0.1 μg/mL (2). 

Historical recreational use of phy-

tocannabinoids has been almost ex-

clusively limited to inhalation of the 

cannabis-derived smoke or concen-

trate’s vapors. So the fi rst phytocan-

nabinoids solubilization approaches 

came mostly from pharmaceutical de-

velopment and relied on using alcohol 

or oil mixtures (solubility enhancement 

enabling concentrations >100 mg/mL). 

These found use in Marinol softgel 

capsules of THC (glycerol and sesame 

oil), oromucosal Sativex THC–canna-

bidiol (CBD) spray (ethanol, propylene 

glycol, and peppermint oil), and re-

cently the U.S. Food and Drug Admin-

istration (FDA)-approved orally admin-

istered CBD liquid dose of Epidiolex 

(ethanol and sesame oil; recommend-

ed doses as high as >5 mg/kg). 

Complexation with cyclodextrins 

(CDs) has several important benefi ts 

when compared to other solubiliza-

tion approaches. Cyclodextrins keep 

)JHI�RVBMJUZ�SFGFSFODF�NBUFSJBMT�EFTJHOFE�UP�NFFU�TUBUF�TQFDJţD���$BOBEJBO�SFRVJSFNFOUT�

Residual solvents  ƅ  Pesticides  ƅ  Terpenes  ƅ��$VTUPN�NJYUVSFT��ƅ��1MVT�IFBWZ�NFUBM���UPYJO�
TUBOEBSET�GSPN�UIF�MBSHFS�-($�GBNJMZ
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Cannabis Impurities Standards
Potency standards coming soon!

LGC Quality | ISO 17034 | ISO 17025 | ISO 9001 

Table I: Complexation constants of CBD, THC-8, and THC-9 with β-CD, 2-HP-β-CD,  

SPE-β-CD, and Me-β-CD

Phytocannabinoid Cyclodextrin K
1:1 

(M-1)
Complexation 

Efficiency (w:w)‡

CBD 2-HP-β-CD 13,800* 1:300

CBD Me-β-CD 484,100* 1:13.6

CBD β-CD 1:7

THC-9 2-HP-β-CD 4200* 1:400

THC-9 Me-β-CD 19,600* 1:26

THC-9 Me-β-CD 15,900† 1:14

THC-8 2-HP-β-CD 11.555‡ 1:150

THC-8 SPE-β-CD 31,000‡ 1:390

THC-8 Me-β-CD 12,200‡ 1:104

*data from references 2,12; †data from reference 13; ‡data from reference 14; Weight ratio of cannabinoid to 
CD to achieve aqueous solubilization. 

http://www.CannabisScienceTech.com
www.lgcstandards.com
www.lgcstandards.com
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http://www2.lgcgroup.com/cannacat2019jun
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the active molecules solubilized at 

high dilutions without precipitation 

and helps to avoid using organic sol-

vents, surfactants, emulsifi ers, and 

other polymeric additives. This pro-

cess therefore reduces toxicological 

concerns and offers simple produc-

tion options (3).

Cyclodextrins form a toroid (trun-

cated conical) confi guration with mul-

tiple hydroxyl groups at each side and 

a lipophilic inner cavity. Their interac-

tions with hydrophobic substrates are 

often described within a concept of 

the noncovalent “host–guest” com-

plexes, optimization of the hydropho-

bic interactions, and the best spatial fi t 

of the substrate in the available bind-

ing pocket of the ligand. The cyclodex-

trin solubility in water at 25 °C differs 

considerably, with γ-cyclodextrin be-

ing the most soluble (0.249 g/mL) fol-

lowed by α-cyclodextrin (0.184  g/

mL) and β-cyclodextrin (0.12  g/mL) 

(4). Typical cyclodextrins contain six 

to eight glucose monomer units. The 

rings are cone-shaped with a cav-

ity depth of ~0.7–0.8  nm and cavi-

ty diameter of ~0.5–0.8  nm. Mole-

cules with larger rings have also been 

made, but so far remain primarily in 

the realm of academic research. As an 

example, Figure 1 shows the chemi-

cal and crystallographic structures 

of β-cyclodextrins (5). Solvent mole-

cules are easily drawn into the inner 

cavity and bind outside via hydrogen 

bonding giving rise to various clath-

rate structures, which are particularly 

plentiful with water.

Discussion

Supply and Derivatives

CDs are commercially manufactured 

from starch, by its treatment with two 

key enzymes, amylase and cyclodex-

trin glucosyltransferase. The use of 

CDs has continued to grow across the 

industries to an estimated >400,000 

metric tons in 2016, with food grade 

materials costing $50–400/kg. The 

most common CD derivatives are 

shown in Figure 2.

Post-processing chemical modifi -

cations (usually, alkylation or acyla-

tion of the hydroxy groups, with var-

iable numbers of molar substitutions 

per sugar unit, 0.5–2) provide ac-

cess to adjusting the solubility profi le 

of cyclodextrins. One of the biggest 

suppliers of high quality materials  (in-

cluding pharma grades) worldwide is 

Wacker Chemie that distributes and 

supports the products in the U.S. 

market via Ashland Group under the 

trademarks CAVITRON, CAVAMAX, 

and CAVASOL.

As an example of an inclusion 

complex with higher bioavailabil-

ity, Wacker sells a dietary supple-

ment product CAVACURMIN that 

is a 1:1 complex  of curcumin with 

γ-CD. This material showed a 40-

fold improved bioavailability com-

pared to unformulated curcumin in 

small human clinical trials (6). Struc-

turally similar 2-hydroxypropyl modi-

fi ed (2-HP-β-CD) and native beta-cy-

clodextrins are offered by the French 

agro conglomerate Roquette under 

the brand name KLEPTOSE. CAPTI-

SOL brand by Cedex Pharmaceuti-

cals is sulfobutylether (SBE) anion-

ic derivative of β-CD with enhanced 

(>50x) solubility in water compared 

to native material.

Both European and United 

States Pharmacopoeias include 

three parent CDs and two syn-

thetic derivatives, 2-HP-β-CD and 

SBE-β-CD-Na+ that are more wa-

ter-soluble variants. Two other CD 

Figure 1: X-ray crystallographic view (a) of β-cyclodextrin clatrate hydrate (5) (entry BC-

DEXD03, Cambridge Crystallography Data Center; translucent white spheres are some of 

the entrapped water molecules) and (b) general chemical structure of β-CD.
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derivatives are approved as ex-

cipients in human pharmaceutical 

products, larger ring 2-HP-γ-CD 

and more hydrophobic random-

ly methylated-β-CD (Me-β-CD). 

About 35 pharmaceutical formu-

lations that contain cyclodextrins 

on the ingredients list are current-

ly in the marketplace with β-CD and 

2-HP-β-CD at the top of the list (3). 

Characterization and 

Optimization of the CD Complexes

Formation of the CD complexes has 

been typically studied by construct-

ing related substrate-ligand phase 

solubility Higuchi-Connors diagrams 

(7) (more accessible analyses may be 

found in many contemporary surveys, 

such as one found in the literature 

[8]) that would plot substrate solubili-

ty versus CD concentration (Figure 3). 

Such experiments include adding an 

excess amount of substrate to aque-

ous CD solution of variable concen-

tration, incubation with shaking for 

1–2 h, followed by fi ltration of the un-

bound substrate. The stability con-

stant K and complexation effi cien-

cy (CE) of the inclusion complex are 

then calculated from the slope of the 

phase solubility diagrams as follows: 

K = slope/S
0
(1-slope)               [1]

CE = slope/(1-slope)              [2]

where S
0
 is the equilibrium substrate 

solubility in water without CD. CE 

represents a concentration ratio be-

tween cyclodextrin in a complex and 

free cyclodextrin. 

In most cases, the results of solu-

bility studies are interpreted as for-

mation of either 1:1 or 2:1 CD-to-sub-

strate complexes. In recent years, 

however, this simplifi ed picture has 

been complemented with growing 

evidence of existing larger assem-

blies including homo- and hetero-

aggregates, micellar structures, non-

inclusion complexes, and so forth (8). 

For all practical purposes, initial sol-

ubility screening studies that test a 

standard panel of commercially avail-

able CDs appear to be a good para-

digm to begin product development. 

Besides solubility testing explored 

by ultraviolet-visible (UV-vis) spec-

troscopy or high performance liquid 

chromatography (HPLC), formation 

Figure 2: Generalized structure of common cyclodextrins used in nutritional, personal 

care, and pharmaceutical applications. A number of substituents per single glucopyra-

nose repeat unit is expressed as an average fractional value that lies in the range 0.5–2 in 

most commercially available products.

Figure 3: Higuchi-Connors diagram showing total substrate solubility versus CD con-

centration. A-type diagrams relate to the water-soluble and B-type to poorly soluble CD 

derivatives. The subscripts are as follows: L = linear diagram; P = positive deviation from 

linearity; N = negative deviation from linearity; S = complex with limited solubility; I = 

insoluble complex. S
0
 is an intrinsic solubility of substrate in absence of CD. The reported 

phytocannabinoids curves fall into the A
P
 category. 
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of the CD complexes could be con-

clusively confi rmed by differen-

tial scanning calorimetry (DSC) and 

qualitatively characterized by optical 

microscopy as well as other meth-

ods (9). Nuclear magnetic resonance 

(NMR) and infrared (IR) spectrosco-

py (Job’s titration plots) could some-

times be helpful but may be harder 

to interpret quantitatively because of 

signal overlaps and only minor shifts 

upon complexation.

A number of practical tips on the 

rapid assessment of solubility re-

garding effective experimental de-

signs have been reported by Lofts-

son and colleagues (10). An important 

observation derived from their com-

prehensive commercial drug screen-

ing program revealed that for poorly 

soluble active pharmaceutical ingre-

dients (<30  μg/mL), there are sub-

stantial negative deviations of the 

extrapolated (to the nil CD concen-

tration) solubility value S
t
 from disso-

lution diagrams compared to the in-

trinsic solubility S
0
. The origins of this 

phenomenon are still poorly under-

stood. But the slope-only dependent 

parameter CE, rather than a stabili-

ty constant K calculated from S
0
, now 

appears as a much more practical-

ly relevant estimate. So we should be 

putting more emphasis on CE when 

looking at phytocannabinoids. 

CD Complexes 

with Phytocannabinoids

Most of the information we have 

about cyclodextrin complexes of 

phytocannabinoids were collect-

ed in a few investigations conduct-

ed in the mid-2000s. This work iden-

tifi ed optimal cyclodextrins with 

better binding properties and pro-

vided some proof-of-principle ani-

mal data to illustrate possible utili-

ty compared to unbound materials. 

Among the later work, US patent WO 

2017/183011 describes the formation 

of β-CD and 2-HP-β-CD complexes 

of THC and CBD that were obtained 

by the melt/no-solvent method and 

with addition of propylene glycol 

(11). It claimed improved water solu-

bility of the resulting products. How-

ever, the patent provided little char-

acterization of the CD-encapsulated 

cannabinoids. 

Widely quoted publications by 

Mannila and colleagues (2,12) report-

ed several cyclodextrin complexes 

of THC-9 and CBD, including 2-HP-

β-CD, Me-β-CD, and β-CD. The re-

lated binding constants and compl-

exation effi ciencies are presented in 

Table I. Me-β-CD and β-CD emerged 

as far better ligands compared to 

2-HP-β-CD. Comparable results have 

been obtained in the studies report-

ed by Hazekamp and colleagues 

(13) that investigated α-, β-, γ-, and 

Me-β-CD complexation by THC-

9. A THC-9 concentration of about 

14 mg/mL was reached by using 24% 

(~0.2  M) Me-β-CD solution, which 

amounts to an increase in solubility 

of four orders of magnitude. The de-

viation from linearity and realization 

of the A
P
 type of the phase solubili-

ty diagrams has been interpreted as 

possible formation of the high order 

complexes, however, one group pro-

posed a 1:2 THC-to-CD stoichiome-

try  (12), whereas other investigators 

(13) favored 2:1 ratio with an out-of-

cavity binding mode of the second 

cannabinoid molecule. The 1:2 THC-

to-CD complex has been isolated by 

the precipitation method. Future X-

ray crystallography studies may help 

to resolve the question and estab-

lish an exact binding mode for both 

THC and CBD ligands. Complexa-

tion preferences of THC-8 and bind-

ing constants were found to be anal-

ogous to THC-9 (14) though the total 

solubility was lower (Table I).

Production Methods 

and Process Economics

Cyclodextrin inclusion complexes can 

be prepared by several methods such 

as kneading, common solvent evap-

oration, coprecipitation, and freeze-

drying methods (3). Most of the pub-

lished cannabinoid pilot work used 

freeze-drying methods in which the 

alcohol solution of the substrate was 

added to the concentrated aqueous 

CD solutions and the solvents were 

removed by freeze-drying. Howev-

er, it may be not an optimal scale up 

Figure 4: Idealized dissolution curves obtained for the cyclodextrin complexes of phy-

tocannabinoids. 1 = pure phytocannabinoids, 2 = mixtures of phytocannabinoids and 

solubility enhancers (CD and others), and 3 = isolated CD complexes.
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production method. From an ener-

gy saving perspective, kneading and 

precipitation appear to be superior 

methods. As this point, the reports 

on the commercially relevant phyto-

cannabinoid encapsulation technolo-

gies are still lacking.

Enabling Better Drug Delivery

Dissolution experiments are a strong 

predictor of the drugs performance 

in the living systems. Faster dissolu-

tion kinetics have been strongly cor-

related with better bioaviability for 

the highly lipophilic and poorly solu-

ble drugs. Though a potential of the 

phytocannabinoid CD complexes has 

never been explored in human clini-

cal trials, available in vitro and animal 

data may support improved delivery. 

The idealized phytocannabinoid in 

vitro dissolution curves are presented 

in Figure 4. Apparently, complexation 

with CDs allowed for reducing the 

dissolution time to just a few minutes. 

Consequently, pharmacologically rel-

evant superior outcomes have been 

obtained in several studies. The rab-

bit in-vivo model showed comparable 

area-under-the curve (AUC) numbers 

achieved between sublingual etha-

nolic CBD solutions and sublingual 

CBD-Me-β-CD complex, whereas 

oral administration of CBD revealed 

no quantifi able parent molecules in 

plasma at any time point (2). In an ex-

vivo study, a transcorneal permeation 

of THC-8 could only be achieved with 

an addition of cyclodextrins to the 

formulations (14).

Increased Stability

Complexation with CD was univer-

sally found to stabilize phytocannab-

inoids. The early data (15) were ful-

ly supported by subsequent studies. 

THC-9 complexes with Me-β-CD dis-

played no degradation in water so-

lutions in the range of pH 5–9 for 

8 weeks at ambient temperature (13). 

In similar conditions, including more 

detrimental acidic, THC-8 aqueous 

solutions containing 5% ethanol and 

5% cyclodextrin showed no degrada-

tion with an addition of Me-β-CD and 

SPE-β-CD and signifi cantly slowed 

degradation for 2-HP-β-CD (14).

Conclusions

There are some proof-of-principle 

published data indicating effi cient 

encapsulation of phytocannabinoids 

into cyclodextrin complexes with en-

hanced solubility. A small range of 

in vivo animal data support a notion 

that such complexes may have better 

pharmacological properties than un-

bound materials. Successful develop-

ment of multiple pharmaceutical and 

nutritional products already in the 

market place leads us to believe that 

using CD complexation of phytocan-

nabinoids may be benefi cial. 

Possible improvements in stabili-

ty and taste control or masking are 

the areas that have not been inves-

tigated in much detail so far, but 

clearly represent a growing industry 

need. Cyclodextrin complexes may 

also be useful in helping to capture 

more elusive “entourage effects” by 

virtue of concurrent complexation 

of the contributing terpenes, poly-

phenols, and other minor compo-

nents in natural cannabis and hemp 

isolates (16).

Further structural and process op-

timization along with development of 

the viable and economical produc-

tion scale up methods seems to be 

logical next steps to consider for can-

nabis technologists. If taken, it would 

enable a strong feedback loop to the 

extended animal and human testing 

and new product prototype develop-

ment both for the consumer markets 

and medical applications.
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Factors Infl uencing Yields in Extraction, 

Part III: Return Versus Effort and 

Associated Processing Parameters

The third and fi nal installment of this series reviews how processing parameters affect yields in 

extraction. Operating conditions, including extraction runtime and processing parameters, have a 

major infl uence on the yield obtained from an extraction.

Krista Kulczycki and Aaron Godin

T
here are many factors infl uencing yields in extraction. 

The fi rst article in this three-part series presented a re-

view of starting-material infl uence on extraction yields: 

the amount of starting material added to an extraction cham-

ber, in addition to the content of compounds of interest in-

trinsic to that material, are important (1). Next, part II exam-

ined the effects of material preparation: a fi ner particle size 

provides better packing effi ciency, as well as greater effi cien-

cy of solvent-matrix interactions (2). Here, the fi nal installment 

reviews the infl uence of operating conditions, elucidating 

how extraction runtime and processing parameters affect 

yields in extraction.

Effects of Extraction Runtime

An extraction operation should maximize yield while minimiz-

ing runtime and operating costs required to achieve the de-

sired result. Consider Figure 1: as an extraction is initiated, the 

amount of material of interest obtained versus time sharply 

increases to Point Q, the maximum amount of material of in-

terest extracted per unit time. After this point, the return of 

material obtained versus time gradually decreases until there 

is no material remaining (the extraction reaches completion). 

Three additional points are noted on the graph in Figure 

1. Point P, the operating break-even point, defi nes the mo-

ment at which the extraction has recovered enough material 

to cover the costs incurred to allow operation for that extrac-

tion. Point S marks the position of the operating profi t line 

along the extraction curve. The region between Point P and 

Point S is the profi tability region; within it, the return from the 

product being extracted will more-than pay for all associat-

ed costs of the extraction. To the right of Point S, the costs 

of operation outweigh the return from the material obtained. 

The undefi ned Point R is the ideal point to halt the extraction. 

The precise location of Point R changes depending on fac-

tors such as the potency of the feedstock material, whether 

there is a fi nite or infi nite amount of feedstock material to be 

processed, and the operation costs unique to each business.

Consider the example scenario outlined in Table I. Be-

cause of the way the general extraction curve is shaped, the 

runtime required to achieve a complete extraction may con-

fl ict with the cost of running the equipment or the facility. 

In this hypothetical production cost-revenue analysis, a day 

spent performing two extractions to 100% completion would 

bring $8000 in revenue, whereas carrying out three extrac-

tions to 95% completion would turn a profi t of $16,500. 

To ensure a business is profi table, an operation will want to 

exceed merely breaking even. There is no magic number for 

the time an extraction should be allowed to proceed. Rather, 

runtimes and return of material should be evaluated against 

facility operating costs as well as those incurred in refi nement 

(post-processing) of the extract. A longer runtime may also 

provide access to one or more additional components of val-

ue or, conversely, may be associated with a higher concentra-

tion of undesirable material. It is up to each organization indi-

vidually to establish the extraction conditions that, for them, 

make the return of operation worth the effort. 

Processing Parameters

Along with runtime, processing parameters have a signifi cant 

effect on extraction yields. In performing an extraction, an 

operator must choose the parameters that result in the high-

est yield of desirable components and the lowest yield of un-

desirable components. Furthermore, coextraction of desir-

able and undesirable components should be minimized to 

reduce downstream processing. In general, parameters that 

may affect extraction yield include temperature, pressure, 

and the solvent-to-feedstock ratio. 

Consider Figure 2, which plots hypothetical extraction pro-

fi les of three components (components 1, 2, and 3) over three 

different extraction temperatures (low, medium, and high). The 

low-temperature run (Plot A) returned large amounts of com-

ponents 1 and 2, which are coextracted; a small amount of com-

ponent 3 is extracted with separation from other components. 

The medium-temperature run (Plot B) extracted large amounts 
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of components 1 and 2 and a moderate 

amount of component 3, all with little to 

no coextraction. The high-temperature 

run (Plot C) saw all of components 1, 2, 

and 3 extracted in large amount; com-

ponents 2 and 3 were coextracted. 

If the operator is only interested in 

components 1 and 2 but not 3, they 

should select a low or medium tem-

perature and halt the extraction before 

component 3 is extracted. If the oper-

ator is interested in components 2 and 

3 but not 1, they should choose a high-

temperature extraction. If the opera-

tor is interested solely in component 1, 

they should select a medium or high-

temperature extraction and halt the 

run before component 2 is extracted.

Conclusion

Divided into three articles, this series 

has presented in-depth discussions of 

the factors infl uencing yields in extrac-

tion. To refresh and summarize the full 

breadth of concepts discussed, it is use-

ful to consider a recipe providing the 

greatest yield of valuable components.

No need to go to ICP/ICP-MS for heavy metal 

analysis in Cannabis, PF7 is specialize to analysis 

the heavy metals (especially As,Hg,Pb,Cd) in 

ppt level, high speed and throughput (10~20 
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Figure 1: Plot of the extraction of a component of interest with time. The axes represent 

the amount of material extracted versus time. The points marked on the plot are: P, the 

operating break-even point; Q, the point of maximum extraction effi ciency; undefi ned R, 

the ideal point to halt the extraction with respect to maximizing profi t; S, the operating 

profi t line. Between the operating break-even point (P) and the operating profi t line (S) 

lies the profi tability region.
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Beginning with the feedstock, a strain 

rich in desirable material with a mini-

mum amount of undesirable material 

is chosen. This is the highest possible 

yielding option for starting material: 

the content of components of interest 

is maximized. Next, reducing particle 

size ensures that a maximum amount 

of material can be fi t into the extraction 

chamber and increases effi ciency of in-

teraction of the solvent and feedstock 

matrix: a fi ner particle size increases 

packing effi ciency and effi ciency of sol-

vent-matrix interaction. Extraction pa-

rameters will be selected that provide 

the most material extracted as well as 

the best separation from the undesira-

ble components: a maximum amount of 

the component of interest is obtained 

and its elution is well-separated from 

unwanted components. Finally, the ex-

traction will be run to completion such 

that every last bit of valuable material is 

extracted into the yield: the operation 

profi t line is not a concern, all available 

material of value will be extracted.
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Table I: Example of a hypothetical production cost-revenue analysis

Extraction Consideration Revenue Influence ($/h) Component of Interest Value ($/kg)

Extraction facility operation -1000 Component 1 250

Material post-processing -2000

Extraction 

Completion (%)

Amount Material Extracted Runtime Required Refi nement Required Evaluation

Mass (kg) Value ($) Time (h) Cost ($) Time (h) Cost ($)
Profi t or 

Loss ($)

100 80 20,000 10 -10,000 3 -6000 4000

95 76 19,000 7.5 -7500 3 -6000 5500

85 68 17,000 6 -6000 3 -6000 5000

70 56 14,000 5.5 -5500 3 -6000 2500

Figure 2: Plots showing extraction profi les for three components—1, 2, and 3—eluted 

in an extraction at a low-temperature (Plot A), medium-temperature (Plot B), and high-

temperature (Plot C) extraction.
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Optimized Cannabis Microbial Testing: 

Combined Use of Extraction Methods 

and Pathogen Detection Tests Using 

Quantitative  Polymerase Chain Reaction

With the introduction of legal cannabis available for sale in the U.S., providing safe, high-

quality products defi nes the industry standard. As part of compliance testing, each state has 

different requirements for detection of microbial species in cannabis products. An ideal test is 

one that can be performed quickly with small amounts of cannabis product, is specifi c for the 

microbes required, can differentiate between live and dead microbes, and can be automated 

for high sample throughput. Medicinal Genomics developed a novel quantitative polymerase 

chain reaction (qPCR)-based test, in a 96-well plate format, that relies on fl uorescence to 

detect amplifi ed deoxyribonucleic acid (DNA). Fluorescence detection indicates the presence 

of microbial contamination on cannabis. This quantitative PCR method has been adapted for 

multiple matrices such as fl ower, leaf, concentrates, and an array of non-fl ower marijuana infused 

products (MIP). This review introduces the qPCR assay and compares its performance to culture-

based methods.

Scott D. Leppanen, Heather Ebling, and Anthony Macherone

R
ecent legislation legalizing the medicinal or recre-

ational use of cannabis or cannabinoid products in 

the United States and Canada has led to mandat-

ed testing of cannabis products for certain microbes. The 

presence of bacteria and fungi in cannabis poses a poten-

tial threat if those microbes include pathogenic species. 

The current industry standard for detecting harmful mi-

crobes on cannabis fl ower is culture-based testing. How-

ever, most culture-based methods were not developed 

for use in the presence of a complex cannabis matrix. Cul-

ture-based yeast and mold tests have shown false posi-

tives in cannabis matrices due to off-target bacterial spe-

cies growth. Most alarming, toxic Aspergillus spp. grows 

poorly in culture mediums and is severely underreported 

by current culture-based platforms (1). This review high-

lights the shortcomings of culture-based methods that 

have been borrowed from the food industry, and the ad-

vantages of using quantitative polymerase chain reaction 

(qPCR) detection when applied to cannabis matrix. 

What is qPCR?

PCR amplifi es a segment of deoxyribonucleic acid (DNA) 

to create exact copies in an abundance that allows for fur-

ther analyses. Kerry Mullis invented PCR in 1988, for which 

he and his colleagues won the Nobel Prize for chemis-

try in 1993. PCR is extremely sensitive, requiring only a 

few DNA molecules in a single reaction for amplifi cation 

across several orders of magnitude of detection. Of im-

portance, qPCR analyses are the design of the primers and 

probes—the short DNA sequences that determine what 

part of the target DNA will be amplifi ed. Primers are de-

signed to bind adjacent to the target sequence and are 

specifi c to the target DNA such that a single DNA base 

difference can determine whether binding does or does 

not occur. This specifi city is what makes qPCR a powerful 

tool for the detection of pathogens in cannabis. This re-

duces the frequency of false positives in pathogen detec-

tion, a frequent problem with current culture-based can-

nabis testing methods. 

qPCR takes advantage of the linearity of DNA amplifi ca-

tion to quantify unique sequences in a DNA sample. Using 

a fl uorescent probe reporter, it is possible to measure the 

amplifi cation of a targeted DNA molecule occurring in real 

time (Figure 1). The real-time increase in fl uorescent sig-

nal translates into quantifi cation. In brief, if a targeted DNA 

molecule is present, fl uorescence will increase until the sig-

nal exceeds a predetermined value. When more DNA is pre-

sent in the sample, the threshold is exceeded earlier in the 
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application process compared to sam-

ples containing less DNA. The quanti-

tative cycle number (Cq) at which the 

signal curve exceeds the threshold is 

used to quantify the amount of DNA 

present in the sample when compared 

to a known DNA reference standard. 

This result is then converted to com-

mon microbial terms such as colony 

forming unit (CFU).

Agilent and Medicinal Genomics 

have partnered to provide sensitive 

and specifi c assays for the identifi ca-

tion and quantifi cation of microbial 

species regulated by agencies in the 

United States and Canada. 

Using the Agilent AriaMX Real-

Time PCR system, Medicinal Genom-

ics PathoSEEK series of assays detect 

pathogenic organisms, and has dem-

onstrated robustness, accuracy, and 

precision for microbial screening in 

various cannabis fl ower and cannab-

inoid product matrices. 

To this end, DNA must fi rst be ex-

tracted from cannabis plant and mi-

crobial cells. To simplify this process, 

Medicinal Genomics developed Sen-

SATIVAx—a magnetic bead-based 

DNA extraction kit. 

In brief, cannabis fl ower, leaf, or 

marijuana-infused product (MIP) is 

homogenized and, if necessary, al-

lowed to culture in a growth medium, 

to generate more potential patho-

gens present on the cannabis prod-

uct. This culture medium is then sub-

jected to a DNA extraction followed 

by an optional decontamination step, 

which rids the sample of any previ-

ously amplifi ed DNA. 

The extracted and decontaminat-

ed DNA sample is then used as a 

Figure 1: Real-time quantitative PCR (qPCR) for one cycle of qPCR using a multiplex 

system of primers to detect potential pathogens within the plant material sample.

Step 1:

Primers and probe

bind to target DNA.

Fluorophore

Quencher

Forward Primer

Reverse Primer

Polymerization

Probe Degradation

Result

PCR Amplified DNA Fluorescent Signal

Probe

Step 2:

PCR occurs, primers are

extended on forward and

reverse DNA strands.

Step 3:

Probe is degraded as a result

of polymerization and

fluorescent signal is

generated

Step 4:

Target DNA is amplified and

fluorescent signal can be

measured and quantified.

Figure 2: qPCR amplifi cation plots for high versus low target DNA levels. Fluorescence 

across 40 cycles of qPCR occurs earlier for higher titer samples (blue line) compared to 

low titer samples (yellow). The cycle at which the signal crosses a pre-established thresh-

old (red line) is the quantitative cycle (Cq).
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Figure 3: Assay workfl ow. DNA decontamination means use of a restriction enzyme to digest the potential contaminant amplicon DNA 

from a previous qPCR. 
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template for the PathoSEEK assay 

where detection of many of these 

pathogens is done in multiplex: two 

to four microbes are targeted in a 

single PCR reaction. The presence 

of cannabis DNA and microbial con-

tamination is based on the sample 

amplifi cation curve achieving an as-

say-specifi c fl uorescent value within 

a predetermined number of PCR cy-

cles. Additionally, positive and nega-

tive controls show evidence and ab-

sence of amplifi cation, respectively. 

Figure 3 illustrates the assay workfl ow.

Results and Discussion

An Empirical Comparison of Patho-

SEEK and Culture-Based Methods

Fifteen medicinal cannabis samples 

were analyzed using PathoSEEK and 

two commercially available culture-

based methods. To enumerate and 

differentiate bacteria and fungi pre-

sent before and after growth on cul-

ture-based media, all samples were 

further subjected to next-generation 

sequencing (NGS) and metagenom-

ic analyses (MA). NGS determines the 

precise order of nucleotides in a to-

tal DNA strand, and MA analyzes ge-

nomes collected in environmental 

samples. These tools respectfully se-

quence entire genomes of species’, 

and profi le the diversity of genes in a 

given sample. Figure 4 illustrates MA 

data collected directly from plant ma-

terial before and after culture on 3M 

petrifi lm and culture-based platforms.

The results demonstrate substantial 

shifts in bacterial and fungal growth 

after culturing on the 3M petrifi lm and 

culture-based platforms. Thus, the fi -

nal composition of microbes after cul-

turing is markedly different from the 

starting sample. Most concerning is 

the frequent identifi cation of bacteri-

al species in systems designed for the 

exclusive quantifi cation of yeast and 

mold, as quantifi ed by elevated to-

tal aerobic count (TAC) Cq values af-

ter culture in the total yeast and mold 

(TYM) medium. The presence of bac-

terial colonies on TYM growth plates 

or cartridges may falsely increase the 

rejection rate of cannabis samples for 

fungal contamination. These observa-

tions call into question the specifi city 

claims of these platforms.

Issues with Aspergillus spp.

Aspergillus spp. grow poorly in cul-

ture-based media. One of the com-

mon issues is that Aspergillus spp.  

clumps over generational growth, so 

a homogenous spread of the cells in 

the media is nearly impossible. When 

DON’T LET QUALITY  
GO TO THE DOGS

FEED YOUR EQUIPMENT H2, N2 
AND ZERO AIR ON-DEMAND
• Consistent Purity
• Consistent Pressure
• Proven Safe
• Cost Effective
• Eliminates Cylinder Storage  

and Delivery Issues

Visit us on-line or call for a consult  
with one of our sales engineers today.
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Aspergillus niger is plated, clumped 

conidia cells form heterogeneous 

macro-colonies which creates signifi -

cant issues with quantitation (Figure 

5). What looks like one large colony 

is hundreds of colonies that are not 

countable. Additionally, the clumping 

nature of Aspergillus spp. spores in 

media makes it diffi cult to accurate-

ly pipette samples. DNA extraction 

processes performed before running 

qPCR assays have the benefi t of ly-

sis and DNA purifi cation steps that 

“de-clump” and break open the cells 

or spores, providing better sampling 

techniques and therefore more accu-

rate and reliable results.

Marijuana Infused Products 

Interference and Impact on Results

Marijuana infused products (MIPs) 

are a very diverse class of matrices 

that behave very differently than can-

nabis fl owers. Gummy bears, choc-

olates, oils, and tinctures all present 

different challenges to culture-based 

techniques as the sugars and carbo-

hydrates can radically alter the car-

bon sources available for growth. To 

assess the impact of MIPs on colo-

ny-forming units per gram of sample 

(CFU/g) enumeration, we spiked in 

live E. coli cells into various MIPs to 

measure the qPCR signal. In many of 

the spiked MIP samples, E. coli failed 

to grow compared to tryptic soy broth 

(TSB) controls. 

This implies the MIPs are interfering 

with the reporter assay on the fi lms or 

that the MIPs are antiseptic in nature. 

Many MIPs use citric acid as a fl a-

voring ingredient which may interfere 

with 3M reporter chemistry. In con-

trast the qPCR signal was constant, 

implying there is microbial contamina-

tion present on the fi lms, but the colo-

ny formation or reporting is inhibited. 

Figure 6 compares plating E. coli with 

and without MIP on 3M coliform fi lms. 

Growth of E. coli CFU was severely hin-

dered in presence of oil or candy.  

Method Accuracy

To show that the SenSATIVAx DNA 

extraction method is effi cient in dif-

ferent matrices, DNA was spiked into 

various MIPs as shown in Table I, and 

at different numbers of DNA copies 

into chocolate (Table II). The SenSA-

TIVAx DNA extraction kit successful-

ly captures the varying levels of DNA, 

and our PathoSEEK detection assay 

can successfully detect that range 

of DNA. Table III demonstrates that 

SenSATIVAx DNA extraction can 

Figure 4: Genomic profi les of before and after culturing. Comparison of classifi ed read 

percentages for bacterial 16S DNA on samples 2 and 14, before and after culturing on 

3M and BMX media. The results represent all species observed down to 1% of classifi ed 

reads. Large shifts in species prevalence are seen after growth on the two culture-based 

platforms.
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Figure 5: Aspergillus niger plated on Sabdex agar (top picture) or 3M petrifi lms (bottom 

picture). Enlarged colonies are the result of 100–1000 conidia clumped into a heteroge-

neous macro-colony.
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successfully lyse the cells of the mi-

crobes that may be present on canna-

bis for a  variety of organisms spiked 

onto cannabis fl ower samples. 

Specifi city

More than 60 species in total were 

Pure Chromatography

ADVANTAGE
See What It Can Do for You and Your Lab

Sign up today to access Restek’s  
years of chromatography knowledge at

www.restek.com/advantage

Table II: STEC O111 E. coli DNA spiked at different levels into chocolate

Sample Copies 

DNA Spiked

Copies 

DNA Analyzed

qPCR Assay Cq %RSD

Chocolate 100,000 2000 STEC E.coli 27.07
0.96

Chocolate 100,000 2000 STEC E.coli 27.44

Chocolate 50,000 1000 STEC E.coli 28.57
1.00

Chocolate 50,000 1000 STEC E.coli 28.17

Chocolate 10,000 200 STEC E.coli 31.81
1.26

Chocolate 10,000 200 STEC E.coli 31.25

Chocolate None None STEC E.coli Not detected
Not applicable

Chocolate None None STEC E.coli Not detected

Table I: DNA spiked into different MIP samples 

MIP qPCR Assay Cq 

Shatter Total coliform/Entero 21.07

 Gummy Total coliform/Entero 21.21

Chocolate Total coliform/Entero 22.79

Gummy no DNA spike Total coliform/Entero Not detected

http://www.restek.com/advantage
http://www.CannabisScienceTech.com
http://www.restek.com/advantage
http://www.restek.com/advantage
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used to verify the specifi city of the 

PathoSEEK Microbial Safety Testing 

Solution, with a minimum of 6 to 10 

and a maximum of 45 for each de-

tection assay. The data shows 100% 

concordance with the current list of 

species tested. A subset of the data 

is shown in Table IV.

Linearity

Linearity shows the relationship be-

tween a group of known dilutions 

and resulting Cq. To test the lineari-

ty of our PathoSEEK assays, we con-

ducted 12, two-fold serial dilutions 

of a known DNA concentration in 

triplicate. Figures 7a and 7b show 

the results of the total aerobic count 

(TAC) assay and the qPCR effi cien-

cy (E) of the assays as inferred by 

the linear coeffi cient of determina-

tion (R2) which is a measure of how 

well a dependent variable fi ts a lin-

ear model. 

Limit of Detection 

Using PathoSEEK to determine 

the presence or absence of E. coli, 

STEC, Salmonella, and Aspergillus 

spp. a limit of detection (LOD) was 

determined by performing tripli-

cate analyses of 12, two-fold se-

rial dilutions starting at two cop-

ies through 5000 copies. In each 

case, a LOD of 10 copies were 

determined. 

Conversion of Cq to CFU Equations

Correlation of qPCR results with 

plating live species will result in an 

Figure 6: MIP inhibition on petrifi lm. Comparative colony growth begins to even out at 

96 h; however, 3M specifi es counting should occur after 24 h.

Coliform (regular, count at 24hr)
TSB No E. coli

TSB No E. coliTSB No E. coli

Coliform + TSB + E. coli

Coliform + TSB + E. coliColiform + TSB + E. coli

Coliform + Oil + E. coli

Coliform + Oil + E. coliColiform + Oil + E. coli

Coliform + Candy + E. coli

Coliform + Candy + E. coli

72 hr

24 hr 48 hr

96 hr

Coliform + Candy + E. coli

Coliform + Oil + E. coli Coliform + Candy + E. coli

TSB No E. coli Coliform + TSB + E. coli

Table III: Live cultures spiked into a single fl ower sample

Sample Organism Spiked qPCR Assay Cq

Flower E.coli Salmonella/E.coli 22.34

Flower Salmonella Salmonella/E.coli 23.09

Flower S.cerevisiae Total Yeast and Mold 27.07

Flower E.coli Total Aerobic Count 18.26

Flower E.coli Total Coliform 21.36

Flower E.coli Total Entero 18.54

Flower Pseudomonas aeruginosa Pseudomonas aeruginosa 17.72

Flower Staphylococcus aureus Staphylococcus aureus 24.99

Flower Aspergillus fl avus Aspergillus fl avus 20.64

Flower Aspergillus fumigatus Aspergillus fumigatus 20.40

Flower Aspergillus niger Aspergillus niger 28.47

Flower Aspergillus terreus Aspergillus terreus 33.03
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equation that enables conversion of 

Cq/g to CFU/g as given in equation 1: 

CFU/g = 10 * [(42.185 – Cq Value)/3.691]

Molecular methods often lev-

erage amplification of ribosomal 

DNA, internal transcribed spacers 

(ITS) regions (3,6). As a result, these 

PCR products can detect uncultur-

able organisms and organisms that 

clump and distort CFU/g enumer-

ation such as Aspergillus species 

(Figure 9).  Aspergillus spp. demon-

strate logarithmically slower growth 

at room temperature than most oth-

er yeast. You can see in this com-

parison to the qPCR PathoSEEK as-

say results, the CFU plated and 

the growth on plating media does 

not appear linear and significant-

ly underestimates Aspergillus spp. 

growth. However, the plated CFU 

does compare accurately to the 

qPCR quantitative cycle (Cq) result 

for other species

Summary

Accurate methods are required to 

assess exposure risk across diverse 

cannabis samples and matrices. Tra-

ditional testing methods include cul-

ture on nonspecifi c media, such that 

many microbial organisms can grow, 

resulting in false positive results. Fur-

ther, certain organisms do not grow 

on media, and their apparent culture 

and growth are not representative of 

true organism density, thus causing 

under-reporting or false negatives. 

qPCR is being repurposed for its abil-

ity to detect small amounts of specifi c 

pathogenic microbial organisms po-

tentially present in these myriad sam-

ple presentations. To meet this new 

demand, Medicinal Genomics (MGC) 

has partnered with Agilent to employ 

their PCR technology on the Agilent 

qPCR system. This chemistry includes 

the SenSATIVAx DNA purifi cation kit 

and the PathoSEEK qPCR reagents, 
Figure 8: (a) STEC E. coli qPCR dilution curves. (b) qPCR effi ciency (E).
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(Continued from page 57)

which include the appropriate posi-

tive and negative controls.
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Figure 9: Comparative growth of Aspergillus species and other fungal monocultures on 
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Value)/3.6916].  We show the discrepancy and potential for underreporting of Aspergillus 
spp. by culture-based methods.
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(such as shatter or live resin) to produce 

what is known to the industry as a high 

terpene full spectrum extract (HTFSE, 

Figure 5). This type of extract sacrifi ces 

some cannabinoid potency to achieve 

an extremely high terpene profi le, cre-

ating a unique effect and fl avor. 

Conclusion

Cannabis extraction methods are nu-

merous and ever evolving, with innova-

tions in equipment and technique al-

most daily. One of those innovations is 

microwave-assisted extraction. I hope 

that this article helped shed light on this 

technique and the possibilities it pro-

vides in terpene isolation within the can-

nabis industry. With new states coming 

online and opportunities to further re-

search the properties and effects of the 

cannabis plant continue to open up, the 

need to effi ciently isolate these com-

pounds is only going to increase.
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Glass Expansion Application Notes          1

Most ICP and ICP-MS systems incorporate an autosampler. With 
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,Q�WKLV�DUWLFOH��ZH�FRPSDUH�WKH�VDPSOH�F\FOH�WLPH�RI�D�VWDQGDUG�

,&3�06�V\VWHP�ZLWK�WKH�VDPSOH�F\FOH�WLPH�RI�WKH�VDPH�,&3�06�

FRXSOHG�ZLWK�WKH�1LDJDUD��where a productivity increase of 91% 

was achieved.

Introduction

7KH� 1LDJDUD� LV� WKH� VLPSOHVW�� ORZHVW�FRVW� PHWKRG� RI� LPSURYLQJ�

WKURXJKSXW� RQ� DQ� H[LVWLQJ� ,&3� RU� ,&3�06� V\VWHP�� ,QFUHDVHG�

WKURXJKSXW�LV�DFKLHYHG�E\�ULQVLQJ�WKH�QHEXOL]HU�DQG�VSUD\�FKDPEHU�

the instant the sample measurement is completed and continuing 

WR�ULQVH�XQWLO�WKH�QH[W�VDPSOH�KDV�UHDFKHG�WKH�QHEXOL]HU��7KXV��WKH�

ULQVH�LV�FDUULHG�RXW�GXULQJ�WKH�WLPH�LW�WDNHV�IRU�WKH�VDPSOH�DQG�WKH�

ULQVH�VROXWLRQV�WR�ÀRZ�IURP�WKH�DXWRVDPSOHU�SUREH�WR�WKH�QHEXOL]HU��

7\SLFDO� WLPH�VDYHG�ZLWK� WKH�1LDJDUD� LV�DURXQG������DQG��VLQFH�

WKH� YDOYH� VZLWFKHV� LPPHGLDWHO\�DIWHU� WKH� UHDG� LV� FRPSOHWH�� WKH�

DPRXQW�RI�VDPSOH� LQWURGXFHG�WR�WKH�,&3�06� LV�PLQLPL]HG�1�7KLV�

IHDWXUH�GUDVWLFDOO\�UHGXFHV�FRVW�RI�FRQVXPDEOHV�DQG�IUHTXHQF\�RI�

FOHDQLQJ��SDUWLFXODUO\�IRU�FKDOOHQJLQJ�VDPSOH�PDWULFHV�2

In Figure 1��ZH�VKRZ�D�ÀRZ�GLDJUDP�RI�WKH�1LDJDUD� LQ�ERWK�WKH�

+RPH�DQG�5LQVH�SRVLWLRQV��7KH�YDOYH�LV�LQ�WKH�+RPH�SRVLWLRQ�LQ�

Figure 1a��ZKHUH� WKH�VDPSOH� LV�EHLQJ�GLUHFWHG� WR� WKH�QHEXOL]HU�

ZKLOH�WKH�ULQVH�VROXWLRQ�LV�GLUHFWHG�WR�ZDVWH��$W�WKH�FRPSOHWLRQ�RI�

WKH�VDPSOH�PHDVXUHPHQW�� WKH�YDOYH�VZLWFKHV� LQVWDQWO\� WR�5LQVH�

SRVLWLRQ� DQG� WKH� ULQVH� VROXWLRQ� LV� GLUHFWHG� WR� WKH� QHEXOL]HU�� DV�

VKRZQ�LQ Figure 1b��DOORZLQJ�IRU�WKH�QHEXOL]HU�DQG�VSUD\�FKDPEHU�

WR� EHJLQ� ULQVLQJ� LPPHGLDWHO\�� ZLWK� QR� XSWDNH� GHOD\�� 7KH� YDOYH�

UHPDLQV�LQ�WKH�5LQVH�SRVLWLRQ�ZKLOH�WKH�DXWRVDPSOHU�SUREH�PRYHV�

WR�WKH�QH[W�VDPSOH��2QO\�ZKHQ�WKH�QH[W�VDPSOH�KDV�PDGH�LWV�ZD\�

WKURXJK�WKH�IXOO�OHQJWK�RI�WKH�XSWDNH�WXELQJ�GRHV�WKH�YDOYH�VZLWFK�

EDFN�WR�WKH�+RPH�SRVLWLRQ��Figure 1a��

Figure 1a.�6DPSOH�WR�QHEXOL]HU��ULQVH�WR�ZDVWH��LQMHFW�SRVLWLRQ�

Figure 1b. 5LQVH�WR�QHEXOL]HU��VDPSOH�WR�ZDVWH��ULQVH�SRVLWLRQ�

Improved Productivity with the Niagara 

Rapid Rinse: A Simple, Low-Cost 

Solution for Greater Sample Throughput
Authors:�-XVWLQ�0DVRQH�DQG�5\DQ�%UHQQDQ

www.geicp.com
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3DUW� RI� WKH� VLPSOLFLW\� LQ� LQVWDOOLQJ� DQG� RSWLPL]LQJ� WKH� 1LDJDUD�

5DSLG�5LQVH�OLHV�LQ�WKH�VRIWZDUH�SDFNDJH��7KH�VRIWZDUH�LQFOXGHV�

D� 0HWKRG� :L]DUG� �Figure 2��� ZKLFK� IHDWXUHV� DQ�8SWDNH� 'HOD\�

&DOFXODWRU�� 5LQVH�7XELQJ� &DOFXODWRU��DQG�7LPH� LQ� 6DPSOH� �7,6��

&DOFXODWRU�� 7KH� DGGLWLRQ� RI� WKHVH� FDOFXODWRUV� JUHDWO\� VLPSOL¿HV�

PHWKRG�GHYHORSPHQW�VR�WKDW�\RX�FDQ�TXLFNO\�DGG�WKH�1LDJDUD�WR�

\RXU�H[LVWLQJ�,&3�PHWKRG�DQG�RSWLPL]H�IRU�PD[LPXP�VDYLQJV��

7KH�8SWDNH� 'HOD\�7LPH� LV� WKH� WLPH� UHTXLUHG� IRU� WKH� VDPSOH� WR�

UHDFK�WKH�YDOYH�DQG�SDVV�WKURXJK�WR�ZDVWH��HQVXULQJ�WKDW�WKH�¿UVW�

ELW�RI�VDPSOH�GLOXWHG�ZLWK�WKH�SUHYLRXV�ULQVH�LV�ÀXVKHG�RXW�WR�ZDVWH��

2QFH�WKH�8SWDNH�'HOD\�7LPH�KDV�¿QLVKHG��WKH�1LDJDUD�YDOYH�ZLOO�

VZLWFK�IURP�5LQVH�WR�WKH�+RPH�SRVLWLRQ��GLUHFWLQJ�WKH�VDPSOH�WR�

WKH�QHEXOL]HU��7KH�8SWDNH�'HOD\�7LPH�LV�FDOFXODWHG�EDVHG�RQ�WKH�

,'�DQG�OHQJWK�RI�WKH�DXWRVDPSOHU�SUREH��SHULVWDOWLF�SXPS�WXELQJ�,'�

DQG�OHQJWK��DQG�530�RI�WKH�SHULVWDOWLF�SXPS��)DVW�3XPS�6SHHG���

7KH� 5LQVH�7XELQJ� &DOFXODWRU� FDOFXODWHV� WKH� RSWLPXP� SHULVWDOWLF�

SXPS�WXELQJ�WR�EH�XVHG�LQ�RUGHU�WR�DFKLHYH�WKH�VDPH�ÀRZ�UDWH�WKDW�

LV�XVHG�GXULQJ�DQDO\VLV�ZKLOH�XVLQJ�D�IDVW�SXPS�GXULQJ�WKH�XSWDNH�

DQG�SRVW�DFTXLVLWLRQ�ULQVLQJ�VWHSV�RI�WKH�DQDO\VLV��

7LPH� LQ� 6DPSOH� �7,6�� LV� WKH� WLPH� UHTXLUHG� IRU� WKH�DXWRVDPSOHU�

SUREH� WR� UHPDLQ� LQ� WKH�VDPSOH� WXEH�GXULQJ� WKH�DFTXLVLWLRQ��7KH�

7,6�LV�EDVHG�RQ�WKH�WRWDO�UHDG�WLPH��530�RI�WKH�SHULVWDOWLF�SXPS�

�$QDO\VLV� 3XPS� 6SHHG�� DQG� GLPHQVLRQV� RI� WKH� XSWDNH� WXELQJ�

UHIHUHQFHG�DERYH��

7R�LPSURYH�ZDVKRXW��LW�LV�ZHOO�NQRZQ�WKDW�DGGLQJ�D�EXEEOH�RU�VHULHV�

RI�EXEEOHV�FDQ�KHOS�³VFUXE´�WKH�XSWDNH�OLQH�1�+RZHYHU��DLU�EXEEOHV�

LQWURGXFHG� LQWR� WKH� SODVPD� FDQ� OHDG� WR� LQVWDELOLW\� DQG� UHTXLUH�

ORQJHU�VWDELOL]DWLRQ�GHOD\�WLPHV��:LWK�WKH�1LDJDUD��ZH�FDQ�HDVLO\�

DGG�D�VHULHV�RI�DLU�EXEEOHV�ZLWK�RXU�SRVW�ZDVK�FRPPDQG��ZLWKRXW�

WKH�ZRUU\�RI�LQWURGXFLQJ�DQ\�DLU�RU�H[WUD�DUJRQ�LQWR�WKH�SODVPD��7R�

DFKLHYH�WKLV��WKH�1LDJDUD�VRIWZDUH�VHQGV�WKH�DXWRVDPSOHU�SUREH�

WR� WKH� ULQVH� VWDWLRQ�DIWHU� WKH�7,6� KDV� FRPSOHWHG�� IROORZHG�E\�D�

VHULHV�RI� FRPPDQGV� WR�VORZO\� UDLVH�DQG� ORZHU� WKH�SUREH� LQ� WKH�

rinse station. 

Figure 3. *ODVV�([SDQVLRQ¶V�1LDJDUD�5DSLG�5LQVH�DFFHVVRU\�LQVWDOOHG�RQ�D�6KLPDG]X�

,&306�����

Figure 2. 1LDJDUD�5DSLG�5LQVH�0HWKRG�:L]DUG

7KLV� FUHDWHV� D� VHULHV� RI� DLU� JDSV� EHWZHHQ� WKH� ULQVH� VROXWLRQ��

KHOSLQJ� WR� ULQVH� WKH� SUREH�� XSWDNH� WXELQJ�DQG� VDPSOH� SHULVWDOWLF�

SXPS�WXELQJ��2QFH�WKH�,&3�PHWKRG�ULQVH�EHJLQV��WKH�DLU�EXEEOHV�

DQG�DQ\�H[FHVV�VDPSOH�DUH�GLUHFWHG�WR�ZDVWH��ZKLOH�ULQVH�VROXWLRQ�

LV�GLUHFWHG�WR�WKH�QHEXOL]HU�

Results

$� 6KLPDG]X� ,&306������ ZLWK� D� 6KLPDG]X� $6���� DXWRVDPSOHU�

ZDV�XVHG� IRU� WKLV�VWXG\��7KH�VWDQGDUG�VDPSOH� LQWURGXFWLRQ�V\VWHP�

LQFOXGHV�D� 0LFUR0LVW�� QHEXOL]HU� ����� P/�PLQ���D�7ZLVWHU�� VSUD\�

FKDPEHU��DQG�D�TXDUW]�PLQL�WRUFK��DOO�VXSSOLHG�E\�*ODVV�([SDQVLRQ��

7KH�1LDJDUD�5DSLG�5LQVH�DFFHVVRU\�ZDV� LQVWDOOHG�XVLQJ�D�FXVWRP�

EUDFNHW�� LQ�RUGHU�WR�SRVLWLRQ�WKH�YDOYH�DV�FORVH�WR�WKH�QHEXOL]HU�DV�

SRVVLEOH��DV�VHHQ�LQ�Figure 3. 

&DOLEUDWLRQ� DQG� FKHFN� VWDQGDUGV� ZHUH� FUHDWHG� DW� FRQFHQWUDWLRQV�

W\SLFDOO\�XVHG�LQ�WKH�FDQQDELV�LQGXVWU\��DQG�D�PHWKRG�ZDV�JHQHUDWHG�

IRU�WKH�DQDO\VLV�RI�WKH�ELJ�IRXU��$V��&G��+J��DQG�3E��7KHVH�YDOXHV�

DUH�JLYHQ�LQ�Table 1��,QWHUQDO�VWDQGDUGL]DWLRQ�ZDV�DFFRPSOLVKHG�IRU�

DOO� VWDQGDUGV�� VDPSOHV��DQG�EODQNV�DXWRPDWLFDOO\� XVLQJ� WKH�*ODVV�

([SDQVLRQ� 7ULGHQW�� LQ�OLQH� DGGLWLRQ� NLW�� 7KH� DQDO\VLV� FRQGLWLRQV�

ZHUH�RSWLPL]HG�IRU�VSHHG�DQG�DFFXUDF\��DQG�WKHVH�SDUDPHWHUV�DUH�

VKRZQ�LQ�Table 2��7KH�DQDO\VLV�FRQGLWLRQV�ZHUH�QRW�FKDQJHG�ZKHQ�

WKH�1LDJDUD�ZDV�DGGHG��DV�WKH�1LDJDUD�KDV�QR�HIIHFW�RQ�WKH�DQDO\VLV�

SRUWLRQ�RI�WKH�VHTXHQFH�
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Table 1.�&DOLEUDWLRQ�VWDQGDUGV�DQG�DQDO\WH�UHJLVWUDWLRQ

Table 2. 2SHUDWLQJ�FRQGLWLRQV�

Analyte Internal Standard Cal 1 Cal 2 Cal 3

75$V 115In ����SSE ����SSE �����SSE

111Cd 115In ����SSE ����SSE �����SSE

���Hg ���%L ����SSE ����SSE �����SSE

���3E ���%, ����SSE ����SSE �����SSE

Element Mass Type Cond Int time Int Mode IntStd

$V 75 48$17 '%* ��� $XWR
In 115 

�'%*�

%L ��� ,17 '%* ��� $XWR

Cd 111 48$17 '%* ��� $XWR
In 115 

�'%*�

Hg ��� 48$17 '%* ��� $XWR
%L�����

�'%*�

In 115 ,17 '%* ��� $XWR

3E ��� 48$17 '%* ��� $XWR
%L�����

�'%*�

Parameter Value

Plasma Stand

5)�3RZHU ����N:

6DPSOLQJ�'HSWK ����PP

Plasma Gas ����/�PLQ

$X[��*DV ����/�PLQ

Carrier Gas ����/�PLQ

6SUD\�&KDPEHU�7HPS� 5°C

&ROOLVLRQ�&HOO�*DV��+H� ����P/�PLQ

Analysis Conditions

1XPEHU�RI�6FDQV ��

1XPEHU�RI�5HSOLFDWHV �

,QWHJUDWLRQ�7LPH ����V

7KH� VWDQGDUGV� DQG� VDPSOHV� ZHUH� ¿UVW� DQDO\]HG� ZLWKRXW� WKH�

1LDJDUD�LQVWDOOHG��ZKHUH�WKH�VDPSOH�WR�VDPSOH�WLPH�ZDV����������

RU����V��ZKLFK�WUDQVODWHV�WR����VDPSOHV�SHU�KRXU�

)ROORZLQJ� WKH� GHIDXOW� FRQ¿JXUDWLRQ�� WKH� 1LDJDUD� ZDV� LQVWDOOHG�

DQG� LWV� SHUIRUPDQFH� RSWLPL]HG� XWLOL]LQJ� WKH� 0HWKRG� :L]DUG� DV�

UHIHUHQFHG�DERYH��:LWK�WKH�1LDJDUD� LQVWDOOHG��WKH�ULQVH�WLPH��DV�

SURJUDPPHG�LQ�WKH�6KLPDG]X�/DE6ROXWLRQV�VRIWZDUH��ZDV�VHW�WR�

���DV�RSSRVHG�WR���V�LQ�WKH�GHIDXOW�FRQ¿JXUDWLRQ��7KH�VDPSOH�WR�

VDPSOH�WLPH�ZLWK�WKH�1LDJDUD�LQVWDOOHG�ZDV����������RU���V��ZKLFK�

WUDQVODWHV� WR����VDPSOHV�SHU�KRXU��7KLV� UHVXOWV� LQ�D�SURGXFWLYLW\�

LPSURYHPHQW� RI� �����DOORZLQJ�DQ� H[WUD� ���� VDPSOHV�DQDO\]HG�

SHU� ��KRXU� GD\��RU�DQ�H[WUD� �������VDPSOHV�DQDO\]HG�SHU� \HDU�

��K�G���G�Z��

Figure 4a. &DOLEUDWLRQ�FXUYH�IRU�$V

Element/Mass information

&DOLEUDWLRQ� FXUYHV� IRU� WKH� ELJ� IRXU� DQDO\WHV�� ZLWK� WKH� 1LDJDUD�

installed, are presented in Figure 4��ZKLFK�KLJKOLJKW�WKH�DFFXUDF\�

RI�WKH�1LDJDUD�V\VWHP�
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Figure 4b.�&DOLEUDWLRQ�FXUYH�IRU�&G

Figure 4c.�&DOLEUDWLRQ�FXUYH�IRU�+J�

Figure 4d.�&DOLEUDWLRQ�FXUYH�IRU�3E

Conclusion

7KH� 1LDJDUD� LV� WKH� VLPSOHVW�� ORZHVW�FRVW� PHWKRG� RI� LPSURYLQJ�

WKURXJKSXW�RQ�DQ�H[LVWLQJ�,&3�RU�,&3�06�V\VWHP��7KH�UHVXOWV�IURP�

WKH�VWXG\�VKRZ�WKDW��RQFH�WKH�1LDJDUD�5DSLG�5LQVH�LV�LQVWDOOHG�DQG�

RSWLPL]HG��VLJQL¿FDQW�WLPH�VDYLQJV�DUH�DFKLHYHG��7KLV� LV�GRQH�E\�

ULQVLQJ� WKH� QHEXOL]HU�DQG� VSUD\� FKDPEHU� WKH� LQVWDQW� WKH� VDPSOH�

PHDVXUHPHQW� LV�FRPSOHWHG�DQG�FRQWLQXLQJ�WR�ULQVH�XQWLO� WKH�QH[W�

VDPSOH�KDV� UHDFKHG� WKH�QHEXOL]HU��7KXV�� WKH� ULQVH� LV�FDUULHG�RXW�

GXULQJ�WKH�WLPH� LW� WDNHV� IRU� WKH�VDPSOH�DQG�WKH�ULQVH�VROXWLRQV�WR�

ÀRZ�IURP�WKH�DXWRVDPSOHU�SUREH�WR�WKH�QHEXOL]HU��:KLOH�W\SLFDO�WLPH�

VDYLQJV�DUH�DURXQG������ LQ� WKLV�SDUWLFXODU� FDVH�� WLPH�VDYLQJV�RI�

����ZHUH�DFKLHYHG��ZKLFK�ZRXOG�UHVXOW�LQ�DQ�H[WUD��������VDPSOHV�

per year.
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*ODVV� ([SDQVLRQ� KDV� RYHU� ��� \HDUV� RI� H[SHULHQFH�

LQ� PDQXIDFWXULQJ� ,&3�06� VDPSOH� LQWURGXFWLRQ�

FRPSRQHQWV�DQG�KDV�HDUQHG�D�ZRUOG�ZLGH�UHSXWDWLRQ�

IRU�TXDOLW\�DQG�UHOLDELOLW\��

:H� PDQXIDFWXUH� ,&3�06� FRQHV� WR� WKH� VDPH�

H[DFWLQJ� VWDQGDUGV� DV� DOO� RI� RXU� SURGXFWV� DQG� WKH\�

DUH� JXDUDQWHHG� WR� SHUIRUP� WR� \RXU� VDWLVIDFWLRQ��2XU�

PDQXIDFWXULQJ�SODQW� LQFOXGHV�VHYHUDO�&1&�PDFKLQHV�

SOXV�DQ�HOHFWURQ�EHDP�ZHOGHU�DQG�LV�WKH�EHVW�HTXLSSHG�

DQG�EHVW�TXDOLILHG�FRQH�PDFKLQLQJ�SODQW�LQ�WKH�ZRUOG��

:H�VXSSO\�FRQHV�IRU�DOO�RI�WKH�SRSXODU�,&3�06�PRGHOV�

DQG��WR�PDNH�VXUH�\RX�JHW�DOO�WKH�VXSSRUW�\RX�QHHG��ZH�

KDYH�D�VWDII�RI�WHFKQLFDO�H[SHUWV�DQG�D�IXOO\�HTXLSSHG�

,&3�06�ODERUDWRU\�IRU�WHVWLQJ�DQG�HYDOXDWLRQ�

ICP-MS Cones
Guaranteed performance 

Immediate delivery

No-Risk Guarantee

$V�ZLWK�DOO�RI�RXU�SURGXFWV��RXU�FRQHV�DUH�EDFNHG�E\�

RXU�FRPSOHWH�VDWLVIDFWLRQ�JXDUDQWHH�

Free Refurbishment

([WHQG�WKH�OLIH�RI�\RXU�SODWLQXP�FRQHV�ZLWK�RXU�IUHH�

UHIXUELVKPHQW�SURJUDP��3ODWLQXP�FRQHV�KDYH�D�PXFK�

ORQJHU�OLIH�WKDQ�QLFNHO�FRQHV�EXW�WKH\�GR�GHWHULRUDWH�

RYHU�WLPH��,Q�PDQ\�FDVHV��D�SODWLQXP�FRQH�FDQ�EH�

UHIXUELVKHG�PXOWLSOH�WLPHV�DQG�LWV�OLIHWLPH�JUHDWO\�

H[WHQGHG���$V�D�FXVWRPHU�VHUYLFH��*ODVV�([SDQVLRQ�

ZLOO�UHIXUELVK�\RXU�SODWLQXP�FRQHV�IUHH�RI�FKDUJH��

HYHQ�LI�\RX�GLG�QRW�SXUFKDVH�WKHP�IURP�XV�

Platinum Reclaim

,I�\RXU�SODWLQXP�FRQH�FDQQRW�EH�UHIXUELVKHG��ZH�ZLOO�

SURYLGH�D�UHEDWH�IRU�WKH�YDOXH�RI�SODWLQXP�LQ�WKH�FRQH�

ConeGuard

7KH�&RQH*XDUG�7KUHDG�3URWHFWRU�SURWHFWV�WKH�FRQH�

WKUHDG�IURP�FRUURVLYH�FOHDQLQJ�VROXWLRQV�DQG�JUHDWO\�

H[WHQGV�FRQH�OLIH�

Contact us at HQTXLULHV#JHLFS�FRP to check the 

DYDLODELOLW\�RI�FRQHV�DQG�&RQH*XDUGV�IRU�\RXU�,&3�

MS model.
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Analytical Data Confi dence is Highest with 

Commercially Prepared CRM Mixtures

Michael Miller, Samantha Goodwin, and Roxanne Franckowski, Cayman Chemical Company

High-quality reference materials with established metrological traceability are an essential element 

for measurement accuracy during routine analytical checks as well as for cannabis product quality 

testing and profi ling. We compare two different methods using certifi ed reference materials (CRMs) 

to generate a standard for the quantitation of 10 prevalent phytocannabinoids against a calibration 

curve to show that premade multicomponent CRM mixtures improve quantitation accuracy.

With the increased legalization of cannabis products, various 

stakeholders are moving toward standardizing this growing in-

dustry as a way to protect consumers. As part of this standard-

ization, cannabis testing laboratories are strongly urged, if not 

required, to become ISO/IEC 17025 accredited. A key compo-

nent for testing under an ISO/IEC 17025 quality system is the 

use of a certifi ed reference material (CRM) to maintain met-

rological traceability in its measurements (1). ISO 17034 com-

mercially produced CRMs are ideal for quantitative analysis in 

the cannabis testing fi eld. A CRM’s certifi cate of analysis will 

include a statement of metrological traceability as well as the 

certifi ed concentration with an associated measurement un-

certainty of the material.

Historically, single analyte CRMs have been the default op-

tion for quality control testing, mainly due to the lack of avail-

ability of multicomponent CRMs. Now that multicomponent 

CRMs are available, they provide an advantage in many appli-

cations. For instance, when evaluating several analytes at once, 

a commercially formulated multicomponent CRM bypasses 

the additional steps an analyst must take to create a stock so-

lution from single CRMs. The data provided in this application 

note compares a typical method for preparing stock solutions 

from several single-component CRMs (Method A) against the 

use of a premade multicomponent CRM (Method B).

Methods

Mixtures created from each of these methods were inject-

ed on the Cannabis Analyzer for Potency™ HPLC model LC-

2030C Plus from Shimadzu Scientifi c Instruments. Concentra-

tions of 1 μg/mL and 100 μg/mL were analyzed against the 

weighted calibration curve to evaluate differences between 

the two methods. For brevity, the 100 μg/mL results are dis-

cussed here; the full application note may be found at www.

caymanchem.com/CRMmixtures. Accuracy of the mixtures 

was determined by comparing the experimental concentra-

tions to the theoretical concentrations of each component.

The calibration curve was developed using Cayman’s 

Phytocannabinoid Mixture 10 (CRM) (Cayman Item No. 

21305) in accordance with the “Cannabis Analyzer for Po-

tency™ Quick Guide” provided by Shimadzu (2). This mix-

ture, in acetonitrile, contains 250  μg/mL of each of the fol-

lowing: cannabidivarin (CBDV), cannabidiolic acid (CBDA), 

cannabigerolic acid (CBGA), cannabigerol (CBG), cannabid-

iol (CBD), cannabinol (CBN), tetrahydrocannabinolic acid A 

(THCA-A), ∆9-tetrahydrocannabinol (∆9-THC), ∆8-

tetrahydrocannabinol (∆8-THC), and (±)-cannabi-

chromene (CBC). The high-resolution method 

from Shimadzu was used in the analysis of this cali-

bration curve (3). A linear dynamic range of 0.5 μg/

mL to 250 μg/mL was established for each of the 

10 analytes in the Phytocannabinoid Mixture 10 

(CRM). A weighted regression curve of 1/[X]2 

was generated for each compound to provide a 

relative representation of concentration at both 

the low and high ends of the curve.

For Method A, a stock solution containing 10 

single component CRMs (each at 1 mg/mL in 1 mL 

of either acetonitrile or methanol) was prepared 

by pouring each of the single CRMs into sepa-

rate HPLC vials. Then, 1 mL of each individual CRM 

compound was pipetted into a scintillation vial to 

Table I: Accuracy, relative error, and precision (n = 8)

100 μg/mL Accuracy (%) Relative Error (%) Precision (CV, %)

Compound Method 

A

Method 

B

Method 

A

Method 

B

Method 

A

Method 

B

CBDV 102.77 97.14 2.77 -2.86 3.72 0.60

CBDA 98.71 99.10 -1.29 -0.90 7.14 0.63

CBGA 104.94 98.24 4.94 -1.76 3.58 0.66

CBG 101.42 96.55 1.42 -3.45 5.44 0.64

CBD 97.72 95.32 -2.28 -4.68 1.49 0.61

CBN 105.31 101.43 5.31 1.43 2.99 0.62

THCA-A 103.45 99.21 3.45 -0.79 2.53 0.64

∆9-THC 98.24 98.40 -1.76 -1.60 4.80 0.61

∆8-THC 103.40 100.46 3.40 0.46 2.85 0.58

CBC 100.52 100.02 0.52 0.02 2.64 0.64

http://www.caymanchem.com/CRMmixtures
http://www.caymanchem.com/CRMmixtures
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create a mixture at a concentration of 100 μg/mL. For Meth-

od B, an independent batch of Cayman’s premade Phytocan-

nabinoid Mixture 10 (CRM) served as the commercially formu-

lated multicomponent CRM. This was poured into a separate 

HPLC vial, then a 400 μL aliquot was transferred to a 1 mL volu-

metric fl ask and brought to volume with methanol to create the 

100 μg/mL solution. On two separate days, eight solutions were 

prepared using each method by two separate analysts.

Results and Discussion

For both methods, a single injection of each solution (n = 8) 

was analyzed, generating a total of 16 injections. Two sam-

ples, one each from Method A and Method B, were ana-

lyzed on a separate day than the other 14 samples. The ex-

perimental concentration for each component was derived 

from the calibration curve. These concentrations were aver-

aged across all injections for each component, plotted with 

their respective standard deviations, and compared to the 

theoretical concentrations (Figure 1). The theoretical con-

centrations were calculated based on the certifi ed concen-

trations from the certifi cates of analysis.

The accuracy, relative error, and precision results were tab-

ulated for each compound (Table I). The accuracy and rela-

tive error of the experimental concentrations for each of the 

sample components were calculated against the respective 

theoretical concentrations. Greater deviation of the concen-

trations was observed with the Method A solution than with 

the Method B solution. Some variations in both Method A 

and B may be attributed to the loss of solution during the 

transfer of the CRM to the larger HPLC vial, altering the con-

centration. A relative error of ±10% of the verifi ed concentra-

tion is an acceptable criterion in analytical testing (4). Using 

this value, the calculated relative error for both Method A and 

Method B meet this criterion. We defi ned precision as the co-

effi cient of variation in percent form. As shown in Table I, the 

precision observed by Method B is better across all compo-

nents compared to Method A.

Conclusions

There are multiple approaches to create working solutions of 

a phytocannabinoid mixture. Complications can arise when 

preparing a stock standard using single-component CRMs. 

All CRM materials used in this experiment were produced un-

der an ISO 17034 quality system and, therefore, had metro-

logically traceable concentrations before the ampules were 

opened. The variability observed in the experimental con-

centrations of the Method A solution was likely related to 

the preparation of the stock solution. The multiple pipetting 

steps required to prepare the mixture may have affected the 

actual concentration of the stock solution. Furthermore, each 

preparation event, such as pipetting, adds uncertainty to the 

reported value and may also compromise the metrological 

traceability of the concentration when each component is re-

moved from its original container and added to the mixture.

While the approach utilized in Method A is a seemingly prac-

tical method seen in industry standards, inconsistencies in re-

ported concentrations were noted across multiple injections 

in our experiment. The commercially prepared CRM mixture 

was shown to improve precision and accuracy of the analysis. 

When used with proper methodology, ISO 17034-produced 

multicomponent CRM mixtures are designed to give the user 

confi dence in their analytical data. They also offer a simpler 

approach, saving time, effort, and cost.
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Figure 1: Experimental concentration at 100 μg/mL of Method 

A and Method B solutions compared to respective theoretical 

concentrations.
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Cannabinoid Sample Preparation

Increased Accuracy and Time 

Savings for HPLC Analysis

Demand for Accurate Measurements

In today’s growing cannabis industry, customers and state 

regulations demand accurate measurements of active 

compounds in cannabis products. The Microlab® 600 Di-

luter/Dispenser makes measurements more reliable, al-

lows the method to use less consumables, and cuts down 

on preparation time.

“My biggest highlights of the 
Microlab 600 are improved 

throughput, reduced consumables, 
and signifi cantly reducing 

analyst to analyst variability.” 
— Lucas Mason, Aurum Labs

Cannabinoid Method Summary 

Faster Sample Prep and Less User Variation 

with the Microlab 600 Diluter/Dispenser

• Dramatic time savings (reduction in overall 

labor and greater throughput)

• Reduced consumable cost

• Virtually eliminates analyst-to-analyst variability

• Inert fl ow path

Pipettes can be problematic in any laboratory setting. 

Common problems include: signifi cant variation between 

users, inconsistencies with different solution types, and 

performance variation at different elevations. These prob-

lems are eliminated with the Microlab 600. The Microlab 

600 positive displacement system allows for extremely ac-

curate dilution/dispense volumes on demand. The Micro-

lab 600 can reduce %RSD by more than 50% compared to 

hand pipetting methods. See Figure 1.

Hamilton Company
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0.50%

0.00%
CBD-A THC-A

Cannabinoid %RSD

ML600                Hand Pipette

Figure 1: %RSD testing comparison between the ML600 and 

traditional hand pipetting methods for CBD-A and THC-A.
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Reduced User-to-User Variation

The Microlab 600 Diluter/Dispenser automates method 

steps prone to user variation.

In addition, methods can be saved as favorites for quick 

and easy access. The instrument performs all the preci-

sion work using high resolution syringe pumps, so it is not 

necessary to use a special technique. Once programmed, 

the instrument can be handed off to a new user with min-

imal training and the same results will be obtained when 

compared to a more experienced user. The instrument uti-

lizes an encoder that ensures the positioning of the sy-

ringe drive mechanism, reducing variations between us-

ers, equal or greater than 99% accuracy.

Eliminate Expensive Consumables

The Microlab 600 Diluter/Dispenser requires less solution 

to attain the correct dilution concentration for a sample, 

which means spending less on solvents and reagents. The 

instrument remains accurate down to the microliter vol-

ume range so the user can get the exact concentration 

needed at the exact volume desired. Reduce consuma-

bles consumption by 50% or more when using the Micro-

lab 600.

Increase Throughput

Because the Microlab 600 Diluter/Dispenser does not re-

quire additional glassware to prepare a sample or stand-

ard solutions, the time it takes to prepare solutions and 

clean up afterwards is reduced considerably. Making 

different dilution concentrations on the fl y is as easy as 

inputting a different solvent volume in the Quickstart or 

the Dilution Wizard. These improvements to workfl ow cre-

ate signifi cant time savings, freeing up your schedule for 

more important tasks.

©2017 Hamilton Company. All rights reserved. All other trade-

marks are owned and/or registered by Hamilton Company in 

the U.S. and/or other countries. Lit. No. L10075 — 08/2017.

Hamilton Company
4970 Energy Way, Reno, Nevada 89502 

tel.: (775) 858-3000; fax: (775) 856-7259

website: www.hamiltoncompany.com

Ordering Information

Description Part Number

Microlab 615 Basic Dual Syringe Diluter ML615-DIL

Microlab 625 Advanced Dual Syringe Diluter ML625-DIL

Microlab 610 Basic Single Syringe Dispenser ML610-DIS

Microlab 620 Advanced Single Syringe Dispenser ML620-DIS

Microlab 615 Basic Dual Syringe Dispenser ML615-DIS

Microlab 625 Advanced Dual Syringe Dispenser ML625-DIS

http://www.hamiltoncompany.com
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INNOVATIVE DRY SCROLL 

VACUUM PUMPS

We at Scroll Labs man-

ufacture innovative 

dry fl oating scroll vac-

uum pumps that re-

quire no maintenance 

(TIP SEAL FREE). The 

SVF line can handle 

moisture and organ-

ic solvents while be-

ing compact in size. 

The patented technology applied to them results in a 

scroll design which works without a tip seal and main-

tains light contact between the fi xed and fl oating scroll. 

These pumps apply to applications such as analytical 

devices, short path distillation, clean rooms, vacuum 

coaters, and backup for turbo pumps. The fl ow rates 

for the SVF line range between 2–100 L/min and the ul-

timate pressure can go down to 0.005 mbar.

PURE TEMPERATURE CONTROL

Delta T Systems has worked 

with extraction and distillation 

equipment manufacturers as 

well as end user engineering 

groups for over 25 years. The 

products we offer are designed 

to specifi cally address custom-

ers’ production needs. We of-

fer industry leading design, ef-

fi ciency, and service. Process 

repeatability and control accu-

racy ensure consistent product quality:

• Variable speed chillers up to 60 ton cooling 

capacity with standard operating range from -18 °C 

to 27 °C (0 °F to 80 °F) and highly accurate closed 

loop temperature control to 0.275 °C (0.5 °F) 

• Water and oil circulating temperature 

control units up to 343 °C (650 °F)

• Dual circuit heat/cool combination units

EXTRACTION SPOTLIGHT

ENHANCING THE ANALYSIS OF 

CANNABINOIDS AND TERPENOIDS

A new product package from Sep-

Solve Analytical allows analysts to 

streamline the detection of psycho-

active and aroma-active cannabi-

noids and terpenoids in complex 

cannabis extracts. The package com-

prises a fl ow-modulated GC×GC sys-

tem for unparalleled separation ca-

pacity, with simultaneous detection 

by FID (for robust quantitation) and TOF-MS (for ana-

lyte speciation).

To aid characterization of challenging compounds, 

Tandem Ionisation® is used to simultaneously generate 

hard and soft EI mass spectra, providing additional in-

formation that aids structural elucidation and enhanc-

es confi dence in the identifi cation of isomers.

Find out more about our product package for can-

nabis analysis and download the white paper: chem.

sepsolve.com/Cannabis

ANALYTICAL TESTING LAB SPOTLIGHT

LIMS SOFTWARE TO CONNECT 

THE CANNABIS INDUSTRY

CGM LABDAQ® is a lead-

ing laboratory information 

management system.

• Workfl ow automation

• Certifi cate of analysis

• Quality control software

• Chain-of-custody tracking

• Specimen tracking and storage

• Secure user logins and audits

• Interfaces to testing analyzers and balances

• Interfaces to Metrc, MJ Freeway, Confi dent Cannabis

With more than 25 years of laboratory experience, 

CGM is uniquely positioned to connect your lab to an-

alyzers, growers, dispensaries, billing software, Metrc, 

and the rest of the cannabis industry. Connect with 

CGM to learn more. Visit cgmcannabis.com or call 

(800) 359-0911 x 1002. 

Delta T Systems 

(262) 628-0331
sales@deltatsys.com
www.deltatsys.com

ANALYTICAL INSTRUMENTS SPOTLIGHT

Scroll Labs 

(630) 783-2608
info@scrolllabs.com

www.scrolllabs.com

SepSolve Analytical

(519) 206-0055
hello@sepsolve.com 
chem.sepsolve.com/Cannabis

CompuGroup Medical

(800) 359-0911, x1002
www.cgmcannabis.com

mailto:sales@deltatsys.com
http://www.deltatsys.com
mailto:info@scrolllabs.com
http://www.scrolllabs.com
mailto:hello@sepsolve.com
http://www.cgmcannabis.com
http://www.scrolllabs.com
www.chem.sepsolve.com/cannabis
www.chem.sepsolve.com/cannabis
http://www.deltatsys.com
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We Simplify Science

EDGE™
 

Extraction system for potency, 

pesticides, terpenes, & mycotoxins

cem.com/EDGE

MARS™ 6 

Microwave digestion system 

for heavy metals

cem.com/MARS6

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

& ICP analysis.

For over 40 years, CEM has been a trusted 

source for analytical sample prep systems.

Our passion is to develop systems that are 

simple to use, cost effective to operate, and 

include industry leading technical support; for 

those times when you need it.

See us at CSC West, Booth #323

www.cem.com/EDGE
www.cem.com/MARS6
http://cem.com/
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10 DIFFERENT CANNABINOIDS AND COMPOUNDS OF INTEREST

CONDITIONS

Column:

Dimensions:

Part Number:

Mobile Phase:

0.6 mL/min

5 μL

40 ºC

UV, 210 nm

ACE® Excel SuperC18, 2 μm

100 x 3.0 mm

EXL-1011-1003U

A: 0.075% formic acid in H
2
0

B: 0.1% formic acid in MeCN

Time (min)          %B

Flow Rate:

Injection:

Temperature:

Detection:

0.00

1.0

10.0

12.0

70

70

100

100

ANALYTES
1. (-)-11-Nor-9-carboxy-∆9-tetrahydrocannabinol (THC-COOH)

2. Cannabidivarin (CBDV)

3. Cannabidiolic acid (CBDA) 

4. Cannabigerol (CBG)

5. Cannabidiol (CBD)

6. Tetrahydrocannabivarin (THCV)

7. Cannabinol (CBN)

8. (-)-trans-∆9-Tetrahydrocannabinol (THC)

9. Cannabichromene (CBC)

10. ∆9-Tetrahydrocannabinolic acid A (THCA-A)
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RAPID CANNABINOIDS ANALYSIS

CONDITIONS

Column:

Dimensions:

Part Number:

Mobile Phase:

0.6 mL/min

2 μL

40 ºC

UV, 210 nm

20 ng per analyte

ACE UltraCore SuperC18, 2.5 μm

50 x 3.0 mm

CORE-25A-0503U

A: 0.075% formic acid in H
2
0

B: 0.1% formic acid in MeCN

Time (min)          %B

Flow Rate:

Injection:

Temperature:

Detection:

Mass On Column:

0.00

0.25

4.18

5.05

70

70

100

100

ANALYTES
1. (-)-11-Nor-9-carboxy-∆9-tetrahydrocannabinol (THC-COOH)

2. Cannabidivarin (CBDV)

3. Cannabidiolic acid (CBDA) 

4. Cannabigerol (CBG)

5. Cannabidiol (CBD)

6. Tetrahydrocannabivarin (THCV)

7. Cannabinol (CBN)

8. (-)-trans-∆9-Tetrahydrocannabinol (THC)

9. Cannabichromene (CBC)

10. ∆9-Tetrahydrocannabinolic acid A (THCA-A)
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CANNABINOIDS AND DDT IN RAT PLASMA

CONDITIONS

Column:

Dimensions:

Part Number:

Mobile Phase:

ANALYTES
1. Cannabidiol (CBD)

2. ∆9-Tetrahydrocannabinol (THC)

3. 4,4-Dichlorodiphenyltrichloroethane (DDT)

1 mL/min

30 μL

55 ºC

UV, 220 nm

ACE C18-PFP, 3 μm

4.6 x 150 mm

ACE-1110-1546

H
2
0/MeCN (38:62 v/v)

Flow Rate:

Injection:

Temperature:

Detection:

Reproduced with permission of School of Pharmacy, Centre for Biomolecular Sciences, The University of Nottingham, UK
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DEVELOPMENT AND VALIDATION OF HPLC-UV METHOD FOR 

THE DETECTION OF CBD AND THC IN RAT PLASMA

CONDITIONS

Column:

Dimensions:

Part Number:

Mobile Phase:

ANALYTES
1. Cannabidiol (CBD)

2. ∆9-Tetrahydrocannabinol (THC)

3. 4,4-Dichlorodiphenyltrichloroethane (DDT)

1 mL/min

30 μL

55 ºC

UV, 220 nm

ACE C18-PFP, 3 μm

4.6 x 150 mm

ACE-1110-1546

H
2
0/MeCN (38:62 v/v)

Flow Rate:

Injection:

Temperature:

Detection:
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ACE C18-AR, 3 μm

4.6 x 150 mm

ACE-119-1546

A: 1% formic acid in MeCN 

B: 1% formic acid in MeOH 

C: 1% formic acid in H
2
O 

D: MeOH

Time (min)          %A  %B %C %D

PHYTOESTROGENS FROM HOP EXTRACT BY LC-MS/MS

CONDITIONS

Column:

Dimensions:

Part Number:

Mobile Phase:

Flow Rate:

Detection:

0.6 mL/min

TSQ-Quantum triple quad ESI 

Spray voltage: -4500 V 

Precursor ion: 355.4 [M+H]+ 

MRM transition ions: 179 and 299 

Collision energy: 28 and 16 V

H
3
C CH

3

HO

O

O

OH

OCH
3

H
3
C CH

3

HO

O

OH

OH

OCH
3

1. Isoxanthohumol LOQ 0.07 μg/mL

2. Xanthohumol LOQ 0.01 μg/mL

Reproduced with permission of Institute of Food Science Research, University of Madrid, Spain
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SYNTHETIC CANNABINOIDS BY LC-MS/MS
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ACE Excel C18-AR, 3 μm

3.0 x 100 mm

EXL-119-1003U

A: 15 mM ammonium formate pH 4.0 in H
2
O 

B: 0.1% formic acid in MeCN 

Time (min)          %B 

CONDITIONS

Column:

Dimensions:

Part Number:

Mobile Phase:

Gradient:

Flow Rate:

Injection:

Temperature:

Detection:

0.5 mL/min

10 μL

40 ºC

Shimadzu LCMS 8040 MS 

Positive ion ESI

ANALYTES
1. JWH-018 N-5-OH-pentyl-d5 (m/z 362.90 > 155.05; 127.00; 128.05)

2. JWH-250 N-5-OH-pentyl (m/z 352.20 > 121.15; 91.10; 186.05) 

3. JWH-073 N-4-OH-butyl (m/z 344.20 > 155.00; 127.10; 54.95) 

4. JWH-018 N-pentanoic (m/z 372.20 > 155.05; 127.10) 

5. JWH-018 N-5-OH-pentyl (m/z 357.80 > 155.05; 127.05) 

6. AM2201 N-4-OH-pentyl (m/z 376.40 > 155.00; 127.00; 144.00) 

7. AM2201 5/6-OH-indole (m/z 375.90 > 155.05; 127.05; 248.10) 

8. JWH-081 N-5-OH-pentyl (m/z 388.20 > 185.05; 157.05; 114.15) 

9. MAM2201 N-4-OH-pentyl (m/z 389.60 > 169.00; 141.05; 115.15) 

10. AB-CHMINACA (m/z 356.70 > 241.05; 312.20; 340.15) 

11. UR-144 N-pentanoic (m/z 341.60 > 125.10; 55.05; 57.10) 

12. JWH-019 N-6-OH-hexyl (m/z 371.80 > 155.05; 127.00; 144.00) 

13. JWH-122 N-5-OH-pentyl (m/z 372.20 > 169.05; 141.05; 115.15) 

14. AKB48 N-pentanoic (m/z 395.60 > 135.00; 93.10; 79.05)

15. JWH-018 5-OH-indole (m/z 358.20 > 155.00; 127.05; 230.05) 

16. AKB48 N-5-OH-pentyl (m/z 381.60 > 135.10; 93.10; 79.05) 

17. JWH-210 5-OH-indole (m/z 386.10 > 183.05; 153.10; 155.05) 

18. PB-22 (m/z 358.80 > 214.05; 144.05; 116.00) 

19. JWH-073 (m/z 328.20 > 127.10; 155.05; 200.10) 

20. EAM2201 (m/z 387.70 > 183.10; 232.10; 155.10) 

21. JWH-122 N-4-pentenyl (m/z 353.70 > 169.05; 141.10; 115.10) 

22. JWH-018 (m/z 341.70 > 155.00; 127.05; 214.10) 

23. JWH-081 (m/z 372.10 > 185.05; 157.15; 127.10) 

24. AKB48F (m/z 384.30 > 135.15; 107.10; 93.10) 

25. THJ-018 (m/z 342.60 > 215.10; 145.05; 90.00) 

26. JWH-122 (m/z 356.30 > 169.05; 141.10; 115.15) 

27. JWH-210 (m/z 370.10 > 183.10; 155.10; 153.10)
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SYNTHETIC CANNABINOIDS – SPICE

Time, min

ACE Excel C18-AR, 2 μm

2.1 x 100 mm

EXL-109-1002U

0.1% formic acid in MeOH/H2O (85:15 v/v)

0.3 mL/min

Ambient

Applied Biosystems/MDS

Sciex 4000 Q-Trap

Positive mode Turbo Ionspray

CONDITIONS

Column:

Dimensions:

Part Number:

Mobile Phase:

Flow Rate:

Temperature:

Detection:

ANALYTES
1. JWH-250 N-(5-hydroxypentyl)

2. JWH-073 N-(3-hydroxybutyl)

3. UR-144 5-Hydroxy-pentyl

4. UR-144 Pentanoic Acid

5. d5-JWH-018 N-(4-hydroxypentyl)

6. JWH-018 N-(4-hydroxypentyl)

7. JWH-018 5-pentanoic acid

8. JWH-200

9. XLR-11

10. JWH-250

11. JWH-073

12. UR-144 5-Chloro-pentyl

13. UR-144

14. JWH-018

Reproduced with permission of Biotage®, Charlotte, NC, USA.
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Time, min
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GRADIENT SEPARATION OF 14 CANNABINOIDS ON HALO C18

CONDITIONS

Column:

Part Number:

Mobile Phase:

Gradient:

Flow Rate:

Initial Pressure:

Temperature:

Detection: 

Injection Volume:

Dwell Volume: 

Sample Solvent:

Response Time:

Data Rate:

LC System:

Flow Cell:

HALO 90 Å C18, 3.0 x 150 mm, 2.7 μm

92813-702

A= Water/ 0.1% formic acid

B= Acetonitrile/ 0.085% formic acid

70-88%B in 6 min

1.0 mL/min

350 bar

30 °C

UV 220 nm, PDA

0.6 μL

0.471 mL

75/25 methanol/ water

0.025 sec

100 Hz

Shimadzu Nexera X2

1 μL

0 1 2 3 4 5 6 7

1

8
3

5
9 11

2

7

10

14

4

1213
6

A HALO C18 column is used to separate a mixture of fourteen cannabinoids, showing fast results and high resolution 

within critical pairs. Cannabinoids are a class of chemical compounds primarily found in the marijuana plant. Many of 

these compounds have been found to provide medicinal benefi ts such as reduction in pain and infl ammation.

PEAK IDENTITIES

1. Cannabidivarinic acid (CBDVA)

2. Cannabidvarin (CBDV)

3. Cannabidiolic acid (CBDA)

4. Cannabigerolic acid (CBGA)

5. Cannabigerol (CBG)

6. Cannabidiol (CBD)

7. Tetrahydrocannabivarin (THCV)

8. Cannabinol (CBN)

9. delta-9- Tetrahydrocannabinol (∆9-THC)

10. delta-8-Tetrahydrocannabinol (∆8-THC)

11. Cannabicyclol (CBL)

12. Cannabichromene (CBC)

13. delta-9-Tetrahydrocannabinolic acid A (THCA)

14. Cannabichromenic acid (CBCA)

Structures on page 10
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Time, min
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ISOCRATIC SEPARATION OF 14 CANNABINOIDS ON HALO C18

CONDITIONS

Column:

Part Number:

Mobile Phase:

Isocratic: 

Flow Rate:

Initial Pressure:

Temperature:

Detection: 

Injection Volume:

Dwell Volume: 

Sample Solvent:

Response Time:

Data Rate:

LC System:

Flow Cell:

HALO 90 Å C18, 3.0 x 150 mm, 2.7 μm

92813-702

A= Water/ 0.1% formic acid

B= Acetonitrile/ 0.085% formic acid

75%B

1.0 mL/min

350 bar

30 °C

UV 220 nm, PDA

0.6 μL

0.471 mL

75/25 methanol/ water

0.025 sec

100 Hz

Shimadzu Nexera X2

1 μL

0 1 2 3 4 5 6 7 8 9

1

8

3

5

9 11

2

7

10
14

4

12 13

6 

A HALO C18 column is used to separate a mixture of fourteen cannabinoids, showing fast results and high 

resolution within critical pairs. Cannabinoids are a class of chemical compounds primarily found in the 

marijuana plant. Many of these compounds have been found to provide medicinal benefi ts such as reduction 

in pain and infl ammation.

PEAK IDENTITIES

1. Cannabidivarinic acid (CBDVA)

2. Cannabidvarin (CBDV)

3. Cannabidiolic acid (CBDA)

4. Cannabigerolic acid (CBGA)

5. Cannabigerol (CBG)

6. Cannabidiol (CBD)

7. Tetrahydrocannabivarin (THCV)

8. Cannabinol (CBN)

9. delta-9- Tetrahydrocannabinol (∆9-THC)

10. delta-8-Tetrahydrocannabinol (∆8-THC)

11. Cannabicyclol (CBL)

12. Cannabichromene (CBC)

13. delta-9-Tetrahydrocannabinolic acid A (THCA)

14. Cannabichromenic acid (CBCA)

Structures on page 10

http://www.mac-mod.com
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1. CBDVA 2. CBDV 3. CBDA

4. CBGA 5. CBG 6. CBD

7. THCV 8. CBN 9. ∆9-THC

10. ∆8-THC 11. CBL 12. CBC

13. THCA 14. CBCA

http://www.mac-mod.com
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Time, min
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m

ISOCRATIC SEPARATION OF SYNTHETIC CANNABINOIDS ON HALO C18 (1)

CONDITIONS

Column:

Part Number:

Mobile Phase:

Flow Rate:

Pressure:

Temperature:

Injection Volume:

Sample Solvent:

Detection:

Data Rate:

Flow Cell:

LC System:

HALO 90 Å C18, 2.1 x 100 mm, 2.7 μm

92812-602

Isocratic: 25/75 A/B

A: 5 mM ammonium formate, pH unadjusted

B: 95/5 acetonitrile/water with 5 mM ammonium formate

0.6 mL/min

247 bar

30 ºC

0.5 μL

50/50 water/acetonitrile

UV 200 nm, VWD

50 Hz

2.5 μL semi-micro 

Shimadzu Prominence UFLC XR

0.0

1
4

0.5 1.0 1.5 2.0 2.5 3.0

3 G0136 

5

2

Synthetic cannabinoids are man-made compounds that act like the chemicals found in the marijuana plant. 

The fi ve compounds in this mixture are illegal and represent only a small number of the variations that exist. 

Just as one compound is made illegal, another variation will be made to take its place. This represents a growing 

challenge for law enforcement agencies. Using a HALO C18 column gives a fast, effi cient separation of these 

illegal drugs with ample resolution for the next generation of illegal species. 

1. JWH-200

ANALYTES

2. (±)-CP 47, 497

3. (±)-CP 47, 497 C8 Homologue

4. JWH-250

5. HU-211

http://www.mac-mod.com
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N

O

O

CH
3

CH
3

ISOCRATIC SEPARATION OF SYNTHETIC CANNABINOIDS ON HALO C18 (2)

ANALYTES

3
2

1

4

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

CONDITIONS

Column:

Part Number:

Mobile Phase:

Flow Rate:

Pressure:

Temperature:

Injection Volume:

Sample Solvent:

Detection:

Data Rate:

Flow Cell:

LC System:

HALO 90 Å C18, 2.1 x 100 mm, 2.7 μm 

92812-602

Isocratic: 25/75 A/B

A: 5 mM ammonium formate

B: 95/5 acetonitrile/water with 5 mM ammonium formate

0.6 mL/min

279 bar

30 ºC

0.5 μL

50/50 water/acetonitrile

UV 200 nm, VWD

100 Hz

1 μL 

Shimadzu Nexera X2

Synthetic cannabinoids are man-made compounds that act like the chemicals found in the marijuana plant. 

The four compounds in this mixture represent only a small number of the variations that exist. Just as one 

compound is made illegal, another variation will be synthesized to take its place. This represents a growing 

challenge for law enforcement agencies. Using a HALO C18 column gives a fast, effi cient separation of these 

cannabinoids with ample resolution for the next generation of illegal species. 

N

O

CH
3

CH
3

N

O

CH
3

O

N

F

1. AM2201 (359.44 g/mol)

2. JWH-081 (371.47 g/mol)

3. JWH-122 (355.47 g/mol)

4. JWH-019 (355.47 g/mol)

Time, min

A
b
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rb
a
n
c
e
 @

 2
0

0
n
m
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HPLC and UHPLC Columns

DETERMINATION OF SYNTHETIC CANNABINOID HOMOLOGUES ON HALO C18 

N

O

CH
3

CH
3

N

O

CH
3

JWH-122 (m/z=356.47)

JWH-019 (m/z=356.47)

Synthetic cannabinoids can be very similar in their chemical structure. In fact, many of these cannabinoids are 

analogs or isomers of each other and can be diffi cult to distinguish. Two homologues in this particular sample 

were fraction collected and then identifi ed using an orbital ion trap MS system. The Orbitrap allows us to see 

signature fragmentations of a particular compound, allowing positive identifi cation of each isomer. 

CONDITIONS

Column:

MS System:

Scan Time:

Scan Range:

MS Parameters:

HALO C18, 2.1 x 100 mm, 2.7 μm

Thermo Fisher Orbitrap VelosPro ETD

6 μscans/250 ms max inject time

50-2000 m/z

Positive ion mode, ESI at +4.0 kV, 225 ºC capillary

100

0

10

20
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40

50

60

70

80

90

100

169.1

356.2

155.1
282.3

356.2

150 200 250

R
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d
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n
c
e

300 350 400 100

0

10

20

30

40

50

60

70

80

90

100
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JWH-122 JWH-019

Time, min
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SEPARATION OF CANNABINOIDS ON HALO C18

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

2

3  4 

7
9 10

8

1

6 

5 

CONDITIONS

Column:

Part Number:

Mobile Phase:

Gradient:

Flow Rate:

Initial Pressure:

Temperature:

Detection:

Injection Volume:

Dwell Volume:

Sample Solvent:

Response Time:

Data Rate:

LC System:

Flow Cell:

HALO 90 Å C18, 4.6 x 100 mm, 2.7 μm

92814-602

A: Water/0.1% formic acid

B: Acetonitrile/0.085% formic acid

77-85%B in 4 min

1.5 mL/min

197 bar

38 ºC

UV 220 nm, PDA

1.3 μL

0.471 mL 

75/25 methanol/water

0.025 sec.

100 Hz

Shimadzu Nexera X2

1 μL 

A HALO C18 column is used to separate a mixture of 10 

cannabinoids, showing fast results and high resolution between 

critical pairs. Cannabinoids are a class of chemical compounds 

primarily found in the marijuana plant. Many of these compounds 

have been found to provide medicinal benefi ts such as reduction 

in pain and infl ammation.

1. Cannabidivarin (CBDV)

2. Cannabidiolic acid (CBDA)

3. Cannabigerol (CBG)

4. Cannabidiol (CBD)

5. Tetrahydrocannabivarin (THCV)

6. Cannabinol (CBN)

7. delta-9-Tetrahydrocannabinol (∆9-THC)

8. delta-8-Tetrahydrocannabinol (∆8-THC)

9. Cannabichromene (CBC)

10.  delta-9-Tetrahydrocannabinolic acid A (THCA)

ANALYTES

Time, min

A
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0
0
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HPLC and UHPLC Columns

HERBICIDE – BENFLURALIN

0

0

1

2

3
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5
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11
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13

14

15

1

1

2 3 4 5 6 7 8 9 10 11 12 13 14 15

NO
2

N

NO
2

F
3
C

CH
3

CH
3

CONDITIONS

Column:

Dimensions:

Part Number:

Mobile Phase:

Flow Rate:

Temperature:

Detection:

ACE C18, 5 μm

250 x 4.6 mm

ACE-121-2546

H
2
0/MeOH (15:85 v/v)

1 mL/min

Ambient

UV, 254 nm

1. Benfl uralin

Time, min

R
e
sp

o
n
se

 -
 M

il
li
V
o
lt
s

ANALYTE
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GLYPHOSATE AND RELATED COMPOUNDS AS FMOC DERIVATIVES (GRADIENT)

2 4 6 8 10

0

5

10

15

20

25

30

0
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11

12

22

62.5

2.5

2.5

62.5

62.5

35.0

95.0

95.0

35.0

35.0

2.5

2.5

2.5

2.5

2.5

ACE Excel SuperC18, 3 μm

2.1 x 150 mm

EXL-1111-1502U

A: H
2
O 

B: MeOH

C: 200 mM ammonium formate pH 3.0

Time (min)          %A  %B %C  

CONDITIONS

Column:

Dimensions:

Part Number:

Mobile Phase:

Gradient:

Flow Rate:

Injection:

Temperature:

Detection:

Sample:

0.4 mL/min

0.1 μL

60 ºC

UV, 254 nm 

Standards derivatized with FMOC-Cl

Time, min

m
A
U

1

2

3

ANALYTES

1. Glyphosate

2. Aminomethylphosphonic acid (AMPA)

3. Glufosinate

http://www.mac-mod.com
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HPLC and UHPLC Columns

GLYPHOSATE AND RELATED COMPOUNDS AS FMOC DERIVATIVES (ISOCRATIC)

ACE Excel SuperC18, 3 μm

2.1 x 150 mm

EXL-1111-1502U

5.0 mM ammonium formate pH 3.0 in H
2
O/MeOH 

(55:45 v/v)

CONDITIONS

Column:

Dimensions:

Part Number:

Mobile Phase:

Flow Rate:

Injection:

Temperature:

Detection:

Sample:

0.4 mL/min

0.1 μL

25 ºC

UV, 254 nm 

Standards Derivatized with FMOC-Cl

1

2

3

5 10 15 20 25 30 35

0

1

2

3

4

5

Time, min

m
A

U

ANALYTES

1. Glyphosate

2. Aminomethylphosphonic acid (AMPA)

3. Glufosinate

http://www.mac-mod.com
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HERBICIDE – TRIFLURALIN

CONDITIONS

Column:

Dimensions:

Part Number:

Mobile Phase:

Flow Rate:

Temperature:

Detection:

ACE C18, 5 μm

250 x 4.6 mm

ACE-121-2546

H
2
O/MeOH (15:85 v/v)

1 mL/min

Ambient

UV, 254 nm

NO
2

CH
3

CH
3

NO
2

N

F
3
C

1. Trifl uralin

0 1

1

2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time, min

ANALYTE
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HPLC and UHPLC Columns

1 

CONDITIONS

Column:

Dimensions:

Part Number:

Mobile Phase:

Flow Rate:

Temperature:

Detection:   

ACE C18, 5 μm

150 x 4.6 mm

ACE-121-1546

MeCN/H
2
O/Acetic acid (51:47:2 v/v)

1 mL/min

Ambient

Fluorescence – Ѥ
ex
 333 nm, Ѥ

em
 443 nm

Time, min

R
e
sp

o
n
se

 –
 M

il
li

V
o
lt

s

OCHRATOXIN A

1. Ochratoxin A

ANALYTE

Reproduced with permission of R-Biopharm Rhone Ltd, Glasgow, UK

http://www.mac-mod.com
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HPLC and UHPLC Columns

0
0
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1.4E6

1.5E6

1.6E6

Flow Rate:

Temperature:

Detection:   

CONDITIONS

Column:

Dimensions:

Part Number:

Mobile Phase:

Gradient:

ACE Excel C18, 2 μm

2.1 x 100 mm

EXL-101-1002U

A:  10mM ammonium formate + 

0.05% formic acid in H
2
O 

B:  10mM ammonium formate + 

0.05% formic acid in MeOH

Time (min)          %B

0.00

0.25

10.00

12.00

12.50

14.50

2

30

100

100

2

2

Time, min

In
te

n
si

ty
, 

c
p
s

0.5 mL

50 ºC

TSQ Quantiva triple quad MS

Positive mode HESI

Spray Voltage: 3500 V

Ion Transfer Tube Temperature: 350 ºC

Vaporizer Temperature: 300 ºC

250 PESTICIDES
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HPLC and UHPLC Columns

Analyte R
t
 

(mins)

Adduct Precusor 

Ion m/z

Quant 

Ion m/z

Conf 

Ion m/z

Analyte R
t
 

(mins)

Adduct Precusor 

Ion m/z

Quant 

Ion m/z

Conf 

Ion  m/z

3-OH Carbofuran 2.25 [M+H]+ 238.1 181.2 163.1 Cyprosulfamide 3.30 [M+H]+ 375.1 135.1 254.1

5-OH Thiabendazole 1.66 [M+H]+ 218.0 147.2 191.1 Cyromazine 1.15 [M+H]+ 167.1 125.2 68.2

Abamectin 9.45 [M+NH
4
]+ 890.5 305.3 567.5 DEF 9.20 [M+H]+ 315.1 169.0 113.0

Acephate 1.26 [M+H]+ 184.0 143.1 125.1 Demeton-S sulfone 2.55 [M+H]+ 291.1 235.1 263.1

Acetamiprid 2.24 [M+H]+ 223.1 126.1 90.1 Dialifos 7.46 [M+H]+ 394.0 208.1 181.0

Aldicarb 2.95 [M+NH
4
]+ 208.1 116.1 89.0 Diazinon 7.12 [M+H]+ 305.1 169.1 153.2

Aldicarb sulfone 1.44 [M+NH
4
]+ 240.1 148.0 86.0 Diazinon OA 5.32 [M+H]+ 289.1 153.2 233.1

Aldicarb sulfoxide 1.37 [M+NH
4
]+ 224.1 132.0 89.1 Dichlormid 3.85 [M+H]+ 208.0 140.0 81.2

Allethrin 8.33 [M+H]+ 303.2 135.1 123.1 Dichlorvos 3.63 [M+H]+ 221.0 109.1 127.0

Ametoctradin 7.64 [M+H]+ 276.2 149.1 176.2 Dicrotophos 1.87 [M+H]+ 238.1 112.2 193.1

Atrazine 4.64 [M+H]+ 216.1 174.0 104.0 Diethofencarb 5.53 [M+H]+ 268.2 124.1 180.2

Azinphos ethyl 6.30 [M+H]+ 346.0 132.1 223.0 Diflubenzuron 6.66 [M+H]+ 311.0 158.0 141.0

Azinphos methyl 5.14 [M+H]+ 318.0 132.0 124.9 Dimethenamid 5.70 [M+H]+ 276.1 244.1 168.2

Azinphos methyl OA 2.98 [M+H]+ 302.0 132.2 160.0 Dimethoate 2.23 [M+H]+ 230.1 199.0 125.0

Azoxystrobin 5.59 [M+H]+ 404.1 372.1 344.1 Dimethomorph 5.76, 6.07 [M+H]+ 388.1 301.0 165.1

Bendiocarb 3.72 [M+H]+ 224.1 167.1 109.1 Dinotefuran 1.36 [M+H]+ 203.1 129.1 114.2

Benoxacor 5.23 [M+H]+ 260.1 134.1 120.1 Dioxacarb 2.26 [M+H]+ 224.1 123.1 167.1

Bifenazate 6.27 [M+H]+ 301.1 198.0 170.1 Dioxathion 8.10 [M-C
4
H

10
O

2
PS

2
]+ 271.1 97.0 125.0

Bitertanol 7.41 [M+H]+ 338.2 269.3 99.1 Disulfoton sulfone 4.59 [M+H]+ 307.0 261.1 125.0

Boscalid 5.85 [M+H]+ 343.0 307.0 140.0 Disulfoton sulfoxide 4.49 [M+H]+ 291.0 185.1 213.1

Bupirimate 6.68 [M+H]+ 317.2 210.2 237.3 Diuron 4.82 [M+H]+ 233.0 72.1 160.0

Buprofezin 8.24 [M+H]+ 306.1 201.1 106.1 DMST 3.90 [M+H]+ 215.1 106.1 151.0

Cadusafos 7.58 [M+H]+ 271.1 159.0 131.0 Dodine 7.56 [M+H]+ 228.3 186.3 60.1

Carbaryl 4.07 [M+NH
4
]+ 219.1 145.1 127.0 Emamectin 8.57 [M+H]+ 886.5 158.1 126.1

Carbendazim 2.10 [M+H]+ 192.1 160.1 132.1 Ethiofencarb 4.27 [M+H]+ 226.1 107.1 169.1

Carbofuran 3.77 [M+H]+ 222.1 165.2 123.2 Ethiofencarb sulfone 1.90 [M+NH
4
]+ 275.1 107.1 201.1

Carboxin 3.97 [M+H]+ 236.1 143.0 93.0 Ethiofencarb sulfoxide 1.98 [M+H]+ 242.1 107.1 185.0

Carfentrazone ethyl 6.88 [M+H]+ 412.0 346.1 366.0 Ethion 8.31 [M+H]+ 385.0 199.1 143.0

Chlorantraniliprole 5.24 [M+H]+ 484.0 286.0 194.0 Ethion monoxon 6.73 [M+H]+ 369.0 199.0 143.0

Chlorfenvinphos 7.21 [M+H]+ 359.0 170.0 99.1 Ethiprole 5.77 [M+NH
4
]+ 413.9 351.0 255.0

Chlorimuron ethyl 5.73 [M+H]+ 415.1 186.0 83.0 Ethofumesate 5.55 [M+H]+ 287.1 121.1 241.1

Chlorpyrifos 8.47 [M+H]+ 349.9 198.0 97.0 Ethoprop 6.46 [M+H]+ 243.1 173.0 131.0

Chlorpyrifos OA 6.65 [M+H]+ 334.0 278.0 197.9 Etofenprox 9.75 [M+NH
4
]+ 394.2 177.2 107.1

Clethodim 7.71 [M+H]+ 360.3 164.1 136.1 Etoxazole 8.73 [M+H]+ 360.2 141.0 304.2

Clofentezine 7.38 [M+H]+ 303.0 138.1 102.0 Famoxadone 7.24 [M+NH
4
]+ 392.2 331.1 238.0

Cloransulam methyl 4.13 [M+H]+ 430.0 398.1 370.0 Fenamidone 5.76 [M+H]+ 312.1 236.1 92.2

Clothianidin 1.99 [M+H]+ 250.0 169.1 132.0 Fenamiphos 6.71 [M+H]+ 304.1 217.1 202.0

Coumaphos 7.07 [M+H]+ 363.0 227.1 307.1 Fenamiphos sulfone 4.10 [M+H]+ 336.1 266.1 188.1

Crotoxyphos 5.86 [M+NH
4
]+ 332.1 127.1 193.1 Fenamiphos sulfoxide 3.96 [M+H]+ 320.1 233.1 171.1

Crufomate 6.77 [M+H]+ 292.1 236.1 108.1 Fenazaquin 9.21 [M+H]+ 307.2 161.2 57.2

Cyantraniliprole 4.33 [M+2+H]+ 475.0 286.0 444.1 Fenhexamid 6.39 [M+H]+ 302.1 178.0 97.2

Cyazofamid 6.52 [M+H]+ 325.1 108.1 261.2 Fenobucarb 5.49 [M+H]+ 208.1 95.0 152.0

Cyflufenamid 7.42 [M+H]+ 413.1 295.1 203.0 Fenoxaprop ethyl 8.04 [M+H]+ 362.1 288.1 91.1

Cymoxanil 2.48 [M+H]+ 199.1 128.1 111.1 Fenoxycarb 6.80 [M+H]+ 302.1 88.1 116.1

Cyphenothrin 9.27 [M+NH
4
]+ 393.2 151.2 123.2 Fenpropimorph 6.42 [M+H]+ 304.3 147.2 119.1

Pes250 Pesticide Screen by LC-MS/MS
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HPLC and UHPLC Columns

Analyte R
t
 

(mins)
Adduct Precusor 

Ion m/z

Quant Ion 

m/z

Conf 

Ion m/z

Analyte R
t
 

(mins)
Adduct Precusor 

Ion m/z

Quant 

Ion m/z

Conf Ion 

m/z

Fenpyroximate 8.90 [M+H]+ 422.2 366.1 214.2 Mepanipyrim 6.21 [M+H]+ 224.1 106.2 77.1

Fensulfothion 4.89 [M+H]+ 309.0 235.0 281.1 Mesotrione 2.01 [M+H]+ 340.1 228.1 104.1

Fenuron 2.17 [M+H]+ 165.1 72.1 77.1 Metaflumizone 8.30 [M+H]+ 507.1 178.0 287.1

Flonicamid 1.66 [M+H]+ 230.1 203.0 98.0 Metalaxyl 4.91 [M+H]+ 280.1 220.1 192.1

Fluazifop-p-butyl 8.12 [M+H]+ 384.1 282.2 328.2 Metaldehyde 2.02 [M+NH
4
]+ 194.1 62.2 45.3

Fludioxonil 5.76 [M+NH
4
]+ 266.1 158.1 131.0 Metconazole 7.32 [M+H]+ 320.2 70.1 125.0

Flufenoxuron 8.79 [M+H]+ 489.0 158.1 141.1 Methamidophos 1.16 [M+H]+ 142.0 94.2 125.1

Flufenpyr ethyl 6.72 [M+H]+ 409.1 335.0 307.0 Methidathion 4.97 [M+NH
4
]+ 320.0 145.1 85.1

Flumetsulam 2.03 [M+H]+ 326.1 129.1 109.0 Methiocarb 5.64 [M+H]+ 226.1 169.2 121.1

Flumiclorac pentyl 8.13 [M+NH
4
]+ 441.1 308.1 354.1 Methiocarb sulfone 2.35 [M+NH

4
]+ 275.0 122.1 201.1

Fluometuron 4.31 [M+H]+ 233.1 72.2 46.3 Methiocarb sulfoxide 2.10 [M+H]+ 242.1 185.1 122.1

Fluopicolide 6.00 [M+H]+ 383.0 173.0 145.0 Methomyl 1.61 [M+H]+ 163.1 106.1 88.1

Fluopyram 6.33 [M+H]+ 397.1 173.0 208.0 Methoxyfenozide 6.04 [M+H]+ 369.2 149.1 313.1

Fluoxastrobin 6.40 [M+H]+ 459.1 427.2 188.1 Metolcarb 3.28 [M+H]+ 166.1 109.1 94.1

Fluridone 5.32 [M+H]+ 330.1 309.1 290.0 Metribuzin 3.59 [M+H]+ 215.1 187.1 131.1

Flusilazole 6.77 [M+H]+ 316.1 247.2 165.1 Mevinphos 2.70 [M+NH
4
]+ 242.1 193.1 127.1

Fluthiacet methyl 6.88 [M+H]+ 404.0 344.0 273.9 Monocrotophos 1.71 [M+H]+ 224.1 193.0 127.0

Flutolanil 5.95 [M+H]+ 324.1 262.0 282.0 Monolinuron 4.16 [M+H]+ 215.1 126.1 148.1

Flutriafol 4.74 [M+H]+ 302.1 70.1 123.1 Myclobutanil 6.15 [M+H]+ 289.1 125.0 70.1

Fluxapyroxad 6.02 [M+H]+ 382.1 342.1 314.1 Nicosulfuron 3.45 [M+H]+ 411.1 182.0 213.0

Forchlorfenuron 4.78 [M+H]+ 248.1 129.1 93.1 Norflurazon 4.98 [M+H]+ 304.0 160.0 140.0

Formetanate HCl 1.26 [M+H]+ 222.0 165.1 120.0 Norflurazon desmethyl 4.43 [M+H]+ 290.0 179.0 140.0

Fosthiazate 4.40 [M+H]+ 284.1 104.1 228.1 Omethoate 1.33 [M+H]+ 214.0 183.0 125.0

Hexaconazole 7.29 [M+H]+ 314.1 158.9 70.0 Oxamyl 1.48 [M+NH
4
]+ 237.1 72.0 90.0

Hexythiazox 8.51 [M+H]+ 353.1 228.0 168.0 Oxamyl oxime 1.34 [M+H]+ 163.1 72.1 90.1

Imazalil 5.14 [M+H]+ 297.1 159.1 255.1 Oxydemeton methyl 1.57 [M+H]+ 247.0 169.1 109.1

Imazosulfuron 5.28 [M+H]+ 413.0 153.0 156.1 Oxydemeton methyl 
sulfone

1.62 [M+H]+ 263.0 169.0 109.0

Imidacloprid 1.96 [M+H]+ 256.1 209.1 175.0 Parathion methyl OA 3.10 [M+H]+ 248.0 202.0 109.1

Imiprothrin 6.34 [M+H]+ 319.2 151.1 123.1 Parathion OA 4.61 [M+H]+ 276.1 220.1 248.1

Indaziflam 6.58 [M+H]+ 302.2 158.1 145.1 Pencycuron 7.50 [M+H]+ 329.1 125.1 89.1

Indoxacarb 7.75 [M+H]+ 528.1 249.0 150.1 Penflufen 6.95 [M+H]+ 318.2 234.1 141.0

Ipconazole 7.81 [M+H]+ 334.2 70.1 125.0 Penthiopyrad 7.05 [M+H]+ 360.1 177.1 276.1

Iprovalicarb 6.31 [M+H]+ 321.2 119.1 186.2 Phenothrin 9.56 [M+H]+ 351.2 183.1 168.0

Isofenphos 7.39 [M+H]+ 346.1 217.0 245.1 Phenthoate 6.81 [M+H]+ 321.0 247.1 79.1

Isoprocarb 4.67 [M+H]+ 194.1 95.1 152.2 Phorate OA 5.10 [M+H]+ 245.0 75.2 47.2

Isoproturon 4.79 [M+H]+ 207.2 72.2 165.2 Phorate OA Sulfone 2.51 [M+H]+ 277.0 155.0 127.0

Kresoxim methyl 6.90 [M+H]+ 314.1 267.2 222.1 Phorate OA Sulfoxide 2.31 [M+H]+ 261.0 153.0 81.0

Lactofen 8.22 [M+NH
4
]+ 479.1 344.1 223.0 Phorate Sulfone 4.61 [M+H]+ 293.0 114.9 171.0

Lenacil 4.67 [M+H]+ 235.1 153.1 136.1 Phorate Sulfoxide 4.49 [M+H]+ 277.0 170.9 199.0

Leptophos OA 7.75 [M+2+H]+ 396.9 155.1 364.9 Phosalone 7.35 [M+H]+ 368.0 182.0 111.1

Linuron 5.46 [M+H]+ 249.0 182.1 160.1 Phosmet 5.21 [M+H]+ 318.0 160.1 133.1

Malathion 5.92 [M+H]+ 331.0 127.1 285.1 Phosmet OA 3.12 [M+H]+ 302.0 160.0 133.0

Malathion OA 3.89 [M+H]+ 315.1 127.1 99.0 Phosphamidon 3.43 [M+H]+ 300.1 127.1 174.1

Mandipropamid 5.94 [M+H]+ 412.1 328.2 356.2 Phoxim 7.25 [M+H]+ 299.1 77.2 129.1

Mefenpyr diethyl 7.26 [M+H]+ 373.1 327.1 160.0 Picoxystrobin 6.79 [M+H]+ 368.1 145.0 115.0

Pes250 Pesticide Screen by LC-MS/MS
Application #AN3060
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HPLC and UHPLC Columns

Analyte R
t
 

(mins)
Adduct Precusor 

Ion m/z

Quant 

Ion m/z

Conf 

Ion m/z

Analyte R
t
 

(mins)
Adduct Precusor 

Ion m/z

Quant 

Ion m/z

Conf 

Ion m/z

Pirimicarb 4.24 [M+H]+ 239.2 182.1 72.0 Spiromesifen 8.66 [M+NH
4
]+ 388.1 273.1 187.0

Pirimicarb Desmethyl 2.71 [M+H]+ 225.1 168.2 72.1 Spiromesifen Alcohol 5.01 [M+H]+ 273.2 187.1 179.1

Pirimiphos Methyl 7.34 [M+H]+ 306.1 164.2 108.1 Spirotetramat 6.38 [M+H]+ 374.2 302.3 216.2

Prallethrin 7.69 [M+H]+ 301.2 133.0 151.2 Spiroxamine 5.95 [M+H]+ 298.3 144.2 100.2

Prochloraz 7.39 [M+H]+ 376.0 308.1 70.1 Sulfoxaflor 2.39 [M+NH
4
]+ 295.2 174.1 154.1

Profoxydim 7.71, 9.00 [M+H]+ 466.2 280.0 180.0 Sulprofos 8.56 [M+H]+ 323.0 219.1 139.1

Promecarb 5.88 [M+H]+ 208.1 109.0 151.1 TCMTB 5.48 [M+H]+ 239.0 180.0 136.0

Propamocarb 1.41 [M+H]+ 189.1 102.0 144.0 Tebufenozide 6.78 [M+H]+ 353.2 133.0 104.8

Propaquizafop 8.21 [M+H]+ 444.1 299.2 371.2 Tebufenpyrad 8.19 [M+H]+ 334.2 117.1 145.1

Propargite 8.74 [M+NH
4
]+ 368.2 231.2 175.1 Tebuthiuron 3.89 [M+H]+ 229.1 172.0 116.0

Propetamphos 6.13 [M+H]+ 282.1 138.1 156.1 Tepraloxydim 4.10, 6.19 [M+H]+ 342.2 250.1 166.1

Propoxur(S) 3.69 [M+H]+ 210.1 168.2 111.1 Terbufos Sulfone 5.46 [M+H]+ 321.0 115.0 143.0

Prosulfuron 5.29 [M+H]+ 420.1 167.1 141.1 Terbufos Sulfoxide 5.49 [M+H]+ 305.1 97.0 187.0

Pymetrozine 1.44 [M+H]+ 218.1 105.1 78.1 Terbuthylazine 5.71 [M+H]+ 230.1 174.1 104.1

Pyraclostrobin 7.30 [M+H]+ 388.1 163.1 194.1 Tetrachlorvinphos 6.86 [M+2+H]+ 366.9 127.1 206.0

Pyraflufen Ethyl 7.13 [M+H]+ 413.0 339.0 253.1 Tetramethrin 7.91, 8.10 [M+H]+ 332.2 164.1 135.1

Pyrazophos 7.31 [M+H]+ 374.1 222.2 194.1 Thiabendazole 2.48 [M+H]+ 202.0 175.0 131.1

Pyridaben 9.22 [M+H]+ 365.1 309.0 147.1 Thiacloprid 2.55 [M+H]+ 253.0 126.1 99.1

Pyridalyl 10.21 [M+2+H]+ 492.0 110.9 164.0 Thiamethoxam 1.65 [M+H]+ 292.0 211.1 181.1

Pyrimethanil 5.45 [M+H]+ 200.1 107.1 168.1 Thifensulfuron Methyl 3.28 [M+H]+ 388.0 167.1 205.0

Pyriproxyfen 8.39 [M+H]+ 322.1 96.0 227.1 Thiobencarb 7.46 [M+H]+ 258.1 125.0 89.0

Quinalphos 6.78 [M+H]+ 299.1 163.1 147.1 Thiodicarb 4.34 [M+H]+ 355.1 163.2 88.1

Quinoxyfen 8.50 [M+H]+ 308.0 197.1 214.1 Thionazin 4.74 [M+H]+ 249.1 193.1 97.0

Quizalofop Ethyl 8.01 [M+H]+ 373.1 299.2 255.1 Topramezone 1.63 [M+H]+ 364.1 334.1 125.1

Resmethrin 9.40 [M+H]+ 339.2 128.1 171.1 Triadimefon 6.07 [M+H]+ 294.1 197.0 225.0

Rimsulfuron 3.94 [M+H]+ 432.1 182.1 139.0 Triadimenol 6.25 [M+H]+ 296.1 70.2 99.0

Rotenone 6.71 [M+H]+ 395.2 213.2 192.1 Triazophos 6.19 [M+H]+ 314.1 162.1 119.1

Saflufenacil 5.32 [M+H]+ 501.1 349.1 198.0 Tribenuron Methyl 4.59 [M+H]+ 396.1 155.1 181.1

Sedaxane 6.20, 6.54 [M+H]+ 332.2 159.0 139.0 Trichlorfon 2.26 [M+H]+ 256.9 109.0 221.0

Sethoxydim 8.03 [M+H]+ 328.2 178.0 220.1 Tricyclazole 2.80 [M+H]+ 190.0 163.1 136.1

Simazine 3.66 [M+H]+ 202.1 104.1 132.1 Trifloxystrobin 7.78 [M+H]+ 409.1 186.2 206.2

Spinetoram 8.14 [M+H]+ 748.5 142.1 203.1 Triflumizole 7.87 [M+H]+ 346.1 278.0 73.0

Spinosad A 7.69 [M+H]+ 732.5 142.1 98.0 Triforine 5.23 [M+2+H]+ 434.9 213.0 98.2

Spinosad D 8.10 [M+H]+ 746.5 142.1 98.0 Zoxamide 7.09 [M+H]+ 336.0 187.0 159.0

Spirodiclofen 8.91 [M+H]+ 411.1 313.1 71.1

Pes250 Pesticide Screen by LC-MS/MS
Application #AN3060
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HPLC and UHPLC Columns

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0 22.0 23.0
0.0

1.0E5
2.0E5
3.0E5
4.0E5
5.0E5
6.0E5
7.0E5
8.0E5
9.0E5
1.0E6
1.1E6
1.2E6
1.3E6
1.4E6

1.5E6
1.6E6
1.7E6
1.8E6

1.9E6
2.0E6

2.1E6
2.2E6
2.3E6
2.4E6
2.5E6
2.6E6

300 PESTICIDES

CONDITIONS

Column:

Dimensions:

Part Number:

Mobile Phase:

Gradient:

ACE UltraCore SuperC18, 2.5 μm

2.1 x 100 mm

CORE-25A-1002U

A:    5 mM ammonium formate 

in H
2
O/MeOH (9:1 v/v) 

B:  5 mM ammonium formate 

in H
2
O/MeOH (1:9 v/v)

Time (min)          %B
0.0

0.5

15.0

22.0

22.1

27.0

30

30

100

100

30

30

Flow Rate:

Injection:

Temperature:

Detection:

Sample:

0.3 mL/min

6 μL

24 ºC

AB SCIEX 4000 QTRAP

TurbolonSpray ESI positive mode

Capillary Voltage: 5000 V

Heater Gas Temperature: 450 ºC

Sample prepared using QuEChERs methodology

Method validated using cucumber matrix spiked 

at 0.01 mg/kg. 

265 analytes successfully validated

(Analytes in black)

Time, min

In
te

n
si

ty
, 
c
p
s
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HPLC and UHPLC Columns

Analyte Retention 

Time (mins)
MRM transitions (m/z) Analyte Retention 

Time (mins)

3-Hydroxycarbofuran 3.5 238.1  163.1, 238.1  181.1 Chlorpyrifos-methyl 15.2 322.0  124.9, 324.0  125.1

Acephate 1.0 184.1  142.9, 184.1  124.8 Chlortoluron 9.1 213.2  72.0, 215.1  72.1

Acetamiprid 3.6 223.2  126.1, 225.2  128.1 Cinidon-ethyl 16.3 394.0  348.0, 394.0  366.0

Aclonifen 13.9 265.0  248.0, 267.0  250.0 Clethodim A 12.8 360.1  164.1, 360.1  268.1

Alachlor 12.9 270.2  238.2, 270.2  162.1 Clethodim B 10.2 360.1  164.1, 360.1  268.1

Aldicarb 5.4 208.0  89.0, 208.0  116.0 Clofentezine 15.1 303.1  137.9, 305.1  102.0

Aldicarb sulfone 1.2 240.0  86.0, 223.0  148.0 Clomazone 10.7 240.1  124.9, 242.2  127.1

Aldicarb sulfoxide 1.1 207.0  132.0, 207.2  88.9 Cloquintocet-mexyl 16.1 336.2  238.0, 336.2  192.1

Ametryn 11.1 228.2  186.1, 228.2  68.0 Clothianidin 2.9 250.1  169.0, 250.1  132.0

Aminopyralid 0.8 207.0  160.9, 207.0  133.9 Coumaphos 14.3 363.0  227.0, 363.0  211.1

Amitrole 0.8 85.1  58.1, 85.1  57.1 Cyanazine 6.7 241.1  214.1, 243.1  216.1

Atrazine 9.3 216.2  174.0, 218.1  176.1 Cyazofamid 13.2 325.2  107.9, 327.2  107.9

Atrazine-desethyl 4.4 188.2  146.0, 190.1  148.0 Cycloate 14.9 216.2  83.1, 216.2  154.1

Atrazine-desisopropyl 2.4 174.1  104.1, 174.1  132.1 Cycloxydim A 13.1 326.3  280.0, 326.3  180.0

Avermectin B1a 18.2 876.5  553.0, 876.5  291.0 Cycloxydim B 8.4 326.3  280.0, 326.3  180.0

Avermectin B1b 19.1 890.5  305.0, 890.5  567.0 Cymoxanil 4.2 199.2  128.0, 199.2  111.1

Azamethiphos 6.9 325.0  183.0, 325.0  138.9 Cyproconazole A 12.5 292.0  70.0, 292.0  125.0

Azinphos-ethyl 13.0 346.0  132.1, 346.0  160.1 Cyproconazole B 12.0 292.0  70.0, 292.0  125.0

Azinphos-methyl 10.9 318.1  132.1, 318.1  260.8 Cyprodinil A 14.1 226.2  93.0, 226.2  77.0

Aziprotryne 11.8 226.0  156.0, 226.0  125.0 Demeton-S-methyl 7.7 231.1  88.8, 231.1  61.0

Azoxystrobin 11.4 404.2  372.3, 404.2  344.1 Demeton-S-methyl sulfone 1.6 263.0  168.9, 263.0  120.8

Benalaxyl 14.0 326.2  148.1, 326.2  294.1 Desmedipham 10.6 318.1  182.1, 318.1  136.0

Benfuracarb 15.7 411.2  252.1, 411.2  195.1 Desmethyl-pirimicarb 5.8 225.2  72.0, 225.2  168.1

Benthiavalicarb-isopropyl 12.0 382.3  116.0, 382.3  197.0 Diafenthiuron 17.4 385.2  329.2, 385.2  278.2

Bifenazate 12.5 301.2  198.1, 301.2  170.2 Diazinon 14.2 305.1  169.1, 305.1  97.0

Bifenox 14.9 359.0  342.0, 359.0  310.0 Dichlofluanid 12.8 333.0  223.9, 333.0  122.9

Bifenthrin 21.0 440.0  181.1, 440.0  166.1 Diclobutrazol A 13.7 328.0  70.0, 330.0  70.0

Bitertanol 14.6 338.2  269.0, 338.2  99.1 Dicrotofos 2.1 238.1  112.1, 238.1  193.1

Bixafen 13.6 414.0  393.9, 416.1  395.9 Diethofencarb 11.1 268.1  226.1, 268.1  124.0

Boscalid 11.7 343.1  306.8, 343.1  139.9 Difenoconazole 14.8 406.1  251.1, 408.2  253.1

Bromfenvinfos-ethyl 14.3 405.0  155.0, 403.0  155.0 Diflubenzuron 13.5 311.0  158.2, 311.0  141.1

Bromuconazole A 12.2 378.0  159.1, 378.0  161.0 Diflufenican 15.4 395.0  266.0, 395.0  246.0

Bromuconazole B 13.5 378.1  159.1, 378.1  161.0 Dimethachlor 10.2 256.2  224.0, 256.2  148.1

Bupirimate 13.5 317.2  166.2, 317.2  107.9 Dimethenamid 11.3 276.1  244.0, 278.1  246.0

Buprofezin 16.1 306.3  201.1, 306.3  116.1 Dimethoate 3.6 230.1  198.8, 230.1 124.9

Cadusafos 14.8 271.1  158.9, 271.1  214.9 Dimethomorph 11.7 388.1  301.0, 388.1  165.1

Carbaryl 8.3 202.2  145.1, 202.2  127.1 Dimoxystrobin 13.7 327.1  205.0, 327.1  116.0

Carbendazim 4.7 192.2  160.1, 192.0  132.0 Diniconazole 14.8 326.0  70.0, 328.0  70.0

Carbofuran 7.4 222.2  165.1, 222.2  122.9 Disulfoton 15.0 275.1  89.0, 275.1  61.0

Carbosulfan 19.3 381.2  160.1, 381.2  118.1 Disulfoton sulfone 9.6 307.1  153.0, 307.1  171.0

Carboxin 8.3 236.1  143.1, 236.1  87.0 Disulfoton sulfoxide 9.2 291.1  212.9, 291.1  185.0

Carfentrazone-ethyl 13.8 412.2  345.9, 412.2  383.9 Ditalimfos 13.1 300.1  148.0, 300.1  130.0

Chlorantraniliprole 10.7 484.0  452.9, 484.0  285.9 Diuron 10.0 233.1  71.9, 235.1  72.0

Chlorbromuron 11.7 295.1  205.9, 293.1  182.0 DMST 8.0 215.2  106.0, 215.2  78.9

Chlorfenvinfos A 14.3 359.0  155.0, 358.9  99.0 Dodine 13.6 228.3  57.0, 228.3  60.1

Chloridazon 3.7 222.1  104.0, 222.1  77.1 Epoxiconazole 12.9 330.1  120.9, 330.1  75.2

Chlorpyrifos 16.8 349.9  198.1, 349.9  115.0 Ethion 16.5 385.0  199.0, 385.0  143.0

Pes300 Pesticide Screen by LC-MS/MS
Application #AN3120
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Analyte Retention 

Time (mins)
Analyte Retention 

Time (mins)

Ethirimol 9.7 210.3  140.1, 210.3  98.0 Furathiocarb 15.9 383.1  195.0, 383.1  252.1

Ethofumesate 11.3 287.1  121.0, 287.1  259.0 Heptenofos 10.1 251.0  127.0, 251.0  124.8

Ethoprofos 12.7 243.0  131.0, 243.0  97.0 Hexaconazole 14.3 314.0  70.0, 316.0  70.0

Ethoxyquin A 12.9 218.2  148.0, 218.2  174.1 Hexaflumuron 15.5 461.1  158.2, 461.1  141.1

Ethoxyquin B 10.7 218.2  148.0, 218.2  174.1 Hexazinone 7.3 253.2  71.0, 253.2  85.0

Etofenprox 20.6 394.0  177.0, 394.0  359.0 Hexythiazox 16.6 353.0  168.0, 353.0  228.0

Etrimfos 14.2 293.1  125.0, 293.1  265.1 Imazalil 13.6 297.2  159.1, 299.1  160.9

Famoxadone NH4+ 14.4 392.0  331.0, 392.0  238.0 Imidacloprid 2.7 256.1  209.0, 256.1  175.0

Fenamidone 11.5 312.1  92.1, 312.1  236.1 Indoxacarb 15.2 528.1  248.9, 528.1  292.9

Fenamifos 13.4 304.0  217.0, 304.0  202.0 Ipconazole 15.3 334.2  70.0, 334.2  125.0

Fenamifos sulfone 8.4 336.0  308.0, 336.0  266.0 Iprodione 13.3 332.1  246.9, 330.0  245.0

Fenamifos sulfoxide 7.9 320.0  171.0, 320.0  233.0 Iprovalicarb 12.6 321.3  119.0, 321.3  203.1

Fenarimol 12.7 331.2  268.0, 331.2  139.0 Isofenfos 14.7 346.1  245.1, 346.1  217.1

Fenazaquin 18.0 307.1  161.1, 307.1  147.0 Isofenfos-methyl 13.8 332.1  231.0, 332.1  273.0

Fenbuconazole 13.2 337.0  124.9, 337.0  70.0 Isoprocarb 9.4 194.1  95.0, 194.1  137.0

Fenbutatin oxide 22.9 519.3  463.3, 519.3  197.0 Isoprothiolane 12.1 291.1  231.0, 291.1  189.0

Fenhexamid 12.6 302.2  96.9, 304.2  97.0 Isoproturon 9.7 207.2  72.0, 207.2  165.2

Fenoxycarb 13.6 302.2  87.9, 302.2  116.0 Isoxadifen-ethyl 13.9 313.2  296.1, 313.2  263.0

Fenpropathrin 17.3 367.0  125.0, 350.0  125.0 Isoxaflutole 10.0 360.1  251.1, 377.0  251.0

Fenpropidin 10.8 274.0  147.0, 274.0  117.0 Kresoxim-methyl 13.9 314.0  116.0, 314.0  131.1

Fenpropimorph 18.7 304.0  147.0, 304.0  117.0 Lenacil 9.5 235.3  153.2, 235.3  136.2

Fenpyroximate 17.4 422.2  366.1, 422.2  135.1 Linuron 11.3 249.0  159.9, 249.0  182.0

Fensulfothion 10.0 309.1  280.8, 309.1  252.9 Lufenuron 16.4 511.0  158.0, 511.0  141.0

Fensulfothion sulfone 10.4 325.1  268.9, 325.1  297.0 Malaoxon 7.9 315.1  99.1, 315.1  127.1

Fenthion sulfone 9.0 311.1  125.0, 311.1  278.8 Mandipropamid 11.9 412.1  328.1, 412.2  125.0

Fenthion sulfoxide 8.4 295.1  279.7, 295.1  108.9 Mecarbam 13.0 330.1  227.0, 330.1  198.9

Flonicamid 1.7 230.0  203.0, 230.0  148.0 Mepanipyrim 12.9 224.2  106.0, 224.2  77.1

Flubendiamide NH4+ 13.8 700.0  407.9, 682.9  407.9 Mepronil 12.1 270.1  119.0, 270.1  228.1

Fludioxonil NH4+ 11.8 266.0  229.0, 266.0  227.1 Mesotrione 1.2 340.0  228.0, 357.1  227.9

Flufenacet 12.8 364.1  194.1, 364.1  152.2 Metaflumizone 16.1 507.1  178.1, 507.1  287.1

Flufenoxuron 17.1 489.0  158.0, 489.0  141.1 Metalaxyl 9.8 280.1  220.2, 280.1  192.2

Flumethrin NH4+ 20.2 527.2  510.0, 527.2  267.0 Metamitron 3.4 203.1  175.0, 203.1  104.2

Flumetsulam 2.0 326.2  128.8, 326.2  128.3 Metazachlor 9.6 278.1  209.9, 278.1  134.2

Flumioxazin 10.7 355.0  327.0, 355.0  299.0 Metconazole 14.4 320.1  70.0, 320.1  125.0

Fluometuron 8.9 233.0  72.0, 233.0  160.0 Methacrifos 10.7 241.0  208.9, 241.0  124.9

Fluopicolide 11.9 383.0  173.0, 385.1  174.9 Methamidofos 0.9 142.0  93.9, 142.0  112.1

Fluopiram 12.5 397.0  173.0, 397.0  208.0 Methiocarb 11.4 226.2  169.1, 226.2  121.2

Fluoxastrobin 12.8 459.1  427.1, 459.1  188.1 Methiocarb sulfone 4.1 258.1  122.0, 258.1  200.9

Fluquinconazole 12.6 376.1  307.1, 376.1  349.1 Methiocarb sulfoxide 3.0 242.1  185.0, 242.1  122.1

Flusilazole 13.3 316.2  247.0, 316.2  165.1 Methomyl 1.6 163.0  106.0, 163.0  88.0

Flutolanil 12.0 324.0  262.0, 324.0  242.0 Methoxyfenozide 12.2 369.1  149.1, 369.1  313.2

Flutriafol 9.7 302.1  70.1, 302.1  123.0 Metobromuron 9.4 259.0  170.0, 259.0  148.1

Fomesafen (NH4-Adduct) 11.3 456.1  344.0, 458.1  346.0 Metolachlor 13.0 284.1  252.0, 286.1  254.0

Fonofos 14.3 247.0  109.0, 247.0  127.0 Metoxuron 5.7 229.1  72.0, 231.1  71.9

Fosthiazate 8.9 284.1  227.9, 284.1  104.0 Metrafenone 14.8 409.2  209.1, 411.2  209.1

Fuberidazole 6.9 185.0  157.0, 185.0  65.0 Metribuzin 7.1 215.2  187.1, 215.2  84.1

Pes300 Pesticide Screen by LC-MS/MS
Application #AN3120
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Analyte Retention 

Time (mins)
Analyte Retention 

Time (mins) 

Mevinfos A 4.9 225.0  193.0, 225.0  127.0 Propazine 11.0 230.2  188.1, 230.2  146.1

Mevinfos B 3.4 225.0  193.0, 225.0  127.0 Propetamfos 12.4 282.1  138.0, 282.1  156.1

Molinate 12.0 188.2  126.2, 188.2  55.1 Propham 9.4 180.1  138.1, 180.1  120.1

Monocrotofos 1.8 224.2  192.9, 224.2  126.9 Propiconazole 14.0 342.1  159.0, 342.1  69.0

Monolinuron 8.7 215.1  126.1, 215.1  148.1 Propisochlor 14.0 284.2  224.0, 284.2  148.0

Myclobutanil 12.2 289.2  70.0, 289.2  125.0 Propoxur 7.2 210.1  111.1, 210.1  168.0

Napropamide 12.9 272.2  129.1, 272.2  171.1 Propyzamide 11.9 256.1  190.0, 256.1  173.0

Nitenpyram 1.3 271.1  189.2, 271.1  126.0 Proquinazid 17.7 373.2  330.9, 373.2  289.0

Novaluron 15.6 493.0  158.1, 493.0  141.1 Prosulfocarb 15.5 252.2  91.0, 252.2  128.1

Nuarimol 11.2 315.0  252.0, 315.0  81.0 Prosulfuron 9.0 420.1  141.0, 420.1  167.1

Ofurace 7.6 282.0  160.1, 282.0  236.3 Prothioconazole 14.1 344.1  326.0, 346.1  328.1

Omethoate 1.0 214.0  183.0, 214.0  125.0 Prothioconazole-desthio 13.0 312.0  70.0, 312.0  125.0

Oxadiazon 16.2 345.0  220.0, 345.0  303.0 Pymetrozine 1.5 218.0  105.0, 218.0  78.0

Oxadixyl 6.4 279.0  219.0, 279.0  133.0 Pyraclostrobin 14.5 388.1  194.0, 388.1  163.0

Oxamyl NH4+ 1.2 237.1  72.0, 220.2  72.0 Pyrazophos 14.8 374.0  222.0, 374.0  194.0

Oxycarboxin 4.5 268.1  174.9, 268.1  147.0 Pyridaben 18.0 365.0  309.0, 365.0  147.0

Oxydemeton-methyl 1.4 247.0  108.9, 247.0  168.9 Pyridapenthion 12.4 341.0  189.0, 341.0  205.0

Paclobutrazol 11.8 294.0  70.0, 294.0  125.0 Pyridate 19.1 379.1  206.9, 379.1  350.9

Paraoxon 9.4 275.9  219.9, 275.9  248.0 Pyrifenox 13.0 295.1  93.0, 297.1  93.0

Paraoxon-methyl 6.1 248.1  202.1, 248.1  90.0 Pyrimethanil 11.3 200.0  82.0, 200.0  107.0

Parathion 13.8 292.0  236.0, 292.0  264.1 Pyriproxyfen 16.7 322.0  96.0, 322.0  185.0

Penconazole 13.7 248.1  70.0, 284.1  159.0 Pyroxsulam 5.6 435.0  195.1, 435.0  194.0

Pencycuron 14.8 329.3  125.1, 331.3  127.0 Quinalfos 13.9 299.0  271.0, 299.0  243.0

Pendimethalin 16.9 282.2  212.1, 282.2  194.1 Quinoclamine 6.8 208.0  105.0, 208.0  77.0

Pethoxamid 12.7 296.2  131.0, 296.2  250.0 Quinoxyfen 16.4 308.0  197.0, 308.0  162.0

Phenmedipham 10.8 301.2  168.0, 301.2  136.0 Rotenone 13.4 395.1  213.1, 395.1  192.0

Phenthoate 13.9 321.0  247.0, 321.0  275.1 Secbumeton 10.6 226.2  170.1, 226.2  100.0

Phorate sulfone 9.6 293.0  170.8, 293.0  96.7 Silthiofam 13.5 268.0  252.0, 268.0  73.0

Phorate sulfoxide 9.2 277.0  199.0, 277.0  171.0 Simazine 7.2 202.2  132.1,202.2  104.0

Phosalone 14.6 368.0  182.0, 369.9  183.9 Simetryn 9.4 214.1  124.1, 214.1  144.0

Phosphamidon 6.4 300.2  127.1, 300.2  226.8 Spinosyn A 17.3 732.5  142.0, 732.5  98.0

Phoxim 14.7 299.2  129.2, 299.2  77.1 Spinosyn D 18.3 746.5  142.0, 746.5  98.0

Picloram 1.2 243.0  224.9, 241.0  222.9 Spirodiclofen 17.4 313.1  295.0, 313.1  213.0

Picolinafen 16.2 377.1  238.0, 377.1  359.0 Spiromesifen 16.8 371.2  273.1, 371.2  255.2

Picoxystrobin 13.6 368.0  205.0, 368.0  145.0 Spirotetramat 12.8 374.2  302.2, 374.2  330.2

Piperonyl butoxide 16.2 356.2  177.2, 356.2  119.0 Spiroxamine 13.3 298.3  100.1, 298.3  144.1

Pirimicarb 9.0 239.2  72.0, 239.2  182.3 Sulfotep 14.0 323.0  97.0, 323.0  115.0

Pirimiphos-ethyl 16.3 334.1  198.0, 334.1  182.3 Tau-fluvalinate 18.9 503.0  208.0, 503.0  181.0

Pirimiphos-methyl 14.8 306.2  108.0, 306.2  164.3 Tebuconazole 13.9 308.1  70.0, 308.1  125.0

Prochloraz 14.4 376.0  308.0, 376.0  70.0 Tebufenozide 13.5 353.2  297.2, 353.2  133.0

Profenofos 15.6 375.0  304.9, 373.0  302.9 Tebufenpyrad 15.9 334.0  145.0, 334.0  117.0

Prometryn 12.6 242.2  158.1, 242.2  200.0 Teflubenzuron 16.3 381.1  158.2, 381.1  141.2

Propachlor 9.6 212.0  170.0, 212.0  94.1 Tembotrione (NH4 adduct) 5.9 458.0  340.9, 458.0  441.0

Propamocarb 1.1 189.0  102.0, 189.0  144.0 Terbufos 16.1 289.1  103.1, 289.1  232.9

Propaquizafop 16.0 444.2  100.0, 444.2  371.0 Terbufos sulfone 11.1 321.1  171.0, 321.1  115.0

Propargite NH4+ 17.0 368.2  231.1, 368.2  175.0 Terbufos sulfoxide 11.0 305.1  187.2, 305.1  131.1

Pes300 Pesticide Screen by LC-MS/MS
Application #AN3120
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Analyte Retention 

Time (mins)
MRM transitions ( m/z )

Terbumeton 11.3 226.2  170.1, 226.2  142.0

Terbuthylazine 11.4 230.2  174.0, 232.2  176.0

Terbutryn 12.9 242.1  186.1, 242.1  96.0

Tetrachlorvinfos 13.5 367.0  127.0, 365.0  127.0

Tetraconazole 12.9 372.0  159.0, 374.0  161.2

Thiabendazole 6.2 202.1  174.9, 202.1  131.0

Thiacloprid 4.7 253.1  126.1, 253.1  99.1

Thiencarbazone-methyl 2.3 391.0  130.0, 391.0  230.0

Thiodicarb 9.2 355.0  88.0, 355.0  108.0

Thiophanate-methyl 7.6 343.0  151.1, 343.0  311.0

Thiamethoxam 1.7 292.0  211.0, 292.0  181.0

Tolclophos-methyl 14.9 301.2  268.9, 303.1  270.9

Tolylfluanid 13.9 347.0  237.8, 347.0  137.1

Topramezone 1.6 364.1  334.1, 364.1  125.0

Pes300 Pesticide Screen by LC-MS/MS
Application #AN3120

Analyte Retention 

Time (mins)
MRM transitions ( m/z )

Triadimefon 12.1 294.2  197.2, 294.2  225.0

Triadimenol 12.4 296.2  70.0, 298.2  70.0

Triallate 16.7 304.1  142.9, 304.1  86.2

Triazofos 12.6 314.0  162.0, 314.2  119.0

Trichlorfon 3.4 257.0  108.9, 257.0  220.8

Tricyclazole 5.2 190.1  136.1, 190.1  163.0

Trifloxystrobin 15.3 409.0  186.0, 409.0  206.0

Triflumizole 15.3 346.0  278.0, 346.0  73.0

Triflumuron 14.6 359.1  156.2, 359.1  139.0

Triforin 10.6 435.0  390.0, 437.0  392.0

Triticonazole A 12.7 318.0  70.0, 318.0  125.0

Triticonazole B 10.9 318.0  70.0, 318.0  125.0

Vamidothion 3.4 288.1  146.0, 288.1  118.0

Zoxamide 14.2 336.0  187.0, 338.0  189.0

Reproduced with permission of National Food Chain Safety Offi ce, Directorate of Plant Protection, Soil Conservation and Agri-Environment, Hungary
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HPLC and UHPLC Columns

ACE UltraCore SuperC18, 2.5 μm

50 x 2.1 mm

CORE-25A-0502U

A:  0.1% formic acid + 5 mM ammonium formate 

in H
2
O/MeOH (90:10 v/v) 

B:  0.1% formic acid + 5 mM ammonium formate 

in H
2
O/MeOH (10:90 v/v)

PESTICIDES BY LC-MS/MS
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CONDITIONS

Column:

Dimensions:

Part Number:

Mobile Phase:

Also analyzed under same conditions:

Acephate, Acetamiprid, Aldicarb, Aldicarb sulfone, Aldicarb sulfoxide, Benomyl, Carbendazim, Carbofuran, Clofentezine, Clothianidin, Cyfl uthrin, Demeton S-methylsulfone, Demeton S-methylsulfoxide, 

Dicrotophos, Dimethoate, Dinotefuran, DMA, DMPF, Flubendiamide, Folpet, Formetanate, Hexaconazole, Hexafl umuron, Imidacloprid, Indoxacarb, Mandipropamid, Methamidophos, Methomyl, 

Monocrotophos, Nicotine, Omethoate, Oxamyl, Pencycuron, Prochloraz, Propargite, Thiabendazole, Thiacloprid, Thiamethoxam, Thiodicarb, Thiophanate methyl and Triforine

Flow Rate:

Injection:

Temperature:

Detection:

0.4 mL/min

20 μL

40 ºC

Agilent 6420 Triple Quadrupole MS,

+ve mode ESI

Dynamic MRM

0.O0

1.00

15.00

18.00

18.05

20.00

0

0

100

100

0

0

Time (mins)         %B

O

NHO

O

C

CH

C

O

O

Cl

N O

CH3

CH
3

Cl

OH
NN

N

CH3

N

Cl

N

N

N

1.    Carbaryl (m/z 202.10 — 145.10)

ANALYTES

2. Dimethomorphs (m/z 388.10 — 301.10)

3. Cyproconazoles (m/z 292.10 — 70.00)

4. Fenbuconazole (m/z 337.10 — 70.00)
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HPLC and UHPLC Columns

HALO 90 Å Biphenyl, 2.1 x 100 mm, 2.7 μm 

92812-611

A= Water/0.1% formic acid/4 mM ammonium 

formate

B= Acetonitrile/0.1% formic acid/4 mM 

ammonium formate

0.2 mL/min

89 bar (initial)

0.O0

1.01

4.00

5.00

30.00

34.00

0

15

35

62

100

100

Time (mins)        %B

CONDITIONS

Column:

Part Number:

Mobile Phase:

Gradient

Flow Rate:

Pressure:

Temperature:

Injection Volume:

Sample Solvent:

Detection:

Data Rate: 

LC System: 

MS System: 

ESI: 

Scan range: 

Scan rate:

Capillary:

Sheath gas:

Auxiliary gas: 

Scan Time: 

Heater Temperature: 

40 °C

1 μL

Acetonitrile

UV 254 nm

10 Hz

Shimadzu Nexera

Thermo Fisher Orbitrap VelosPro ETD

+3.8 kV

150-1000 m/z

1.33 pps

350 ˚C

35

10

2 μscans/50 ms max inject time

150 ˚C

PESTICIDE SEPARATION ON HALO 90 Å BIPHENYL

A mixture of pesticides with a wide range of polarities is separated with high effi ciency using a HALO 90Å Biphenyl 

column. Closely-eluting and co-eluting compounds are easily identifi ed using mass spectrometry detection, and quantifi ed 

using extracted-ion chromatograms (see page 31 for peak identities). Pesticides, such as these, are commonly screened for 

in medical marijuana samples.
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HPLC and UHPLC Columns

PEAK IDENTITIES:

Compound m/z
Retention

(min)

1 Daminozide 161.096 1.616

2 Flonicamid 230.000 6.224

3 Thiamethoxam 292.000 7.109

4 Imidacloprid 256.050 7.631

5 Paclobutrazol 294.130 10.256

6 Fenhexamid 302.079 11.678

7 Myclobutanil 289.129 11.849

8 Bifenazate 301.150 13.610

9
Dimethomorph 

Isomer 1
388.130 14.226

10 Spirotetramat 374.190 14.535

11
Dimethomorph 

Isomer 2
388.130 14.846

12 Spinosad A 732.480 17.089

13 Spinosad D 746.490 18.363

14 Trifl oxystrobin 409.100 18.391

15 Spinetoram 748.520 18.970

16 Pyrethrin II 373.200 19.068

17
Piperonyl 

butoxide
356.240 19.151

18 Pyrethrin I 329.210 20.594

19 Etoxazole 360.180 20.759

20 Abamectin A 895.500 23.370

21 Cypermethrin 433.110 23.610

22 Bifenthrin 440.160 24.370

23 Acequinocyl 407.230 26.890

observed in 

negative ion 

mode

Fludioxonil 247.048 9.763

An important advantage of the HALO 90Å Biphenyl column is that it can be used with 100% aqueous mobile phase 

without pore dewetting and loss of retention. This is especially useful for very polar pesticides, which are sometimes 

unretained or poorly retained on other column phases.
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HPLC and UHPLC Columns
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G0156

SEPARATION OF 6 PYRETHRINS ON HALO AQ-C18, 2.7 μm

1. Cinerin II

ANALYTES

2. Pyrethrin II

3. Jasmolin II

4. Cinerin I

5. Pyrethrin I

8. Jasmolin I

Pyrethrins are insecticides derived from chrysanthemum fl owers. The extracted chemicals can paralyze the 

nervous systems of insects and lead to death. These naturally occurring pyrethrin isomers can be separated 

rapidly with good resolution using a HALO AQ-C18 column.

CONDITIONS

Column:  HALO 90 Å AQ-C18, 3.0 x 100 mm, 2.7 μm

Part Number:  92813-622

Mobile Phase: A = 0.02 M sodium phosphate buffer, pH 3.0

 B= Acetonitrile

Gradient: Time  %B

 0.0  65

 2.5  65

 5.0  75

 6.0 90

 8.0  90

Flow Rate:  2.2 mL/min

Pressure:  245 bar

Temperature:  30 °C

Detection:  UV 230 nm, VWD

Injection Volume:  4 μL

Sample Solvent:  Acetonitrile

Response Time:  0.02 sec

Data rate:  25 Hz

Flow Cell:  2.5 μL semi-micro

LC System:  Shimadzu Prominence UFLC XR

ECV:  ~14 μL

6. Unknown

7. Unknown

9. Unknown

10. Unknown

Time, min
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10

SEPARATION OF 6 PYRETHRINS ON HALO 5 C18

1. Cinerin II

ANALYTES

2. Pyrethrin II

3. Jasmolin II

4. Cinerin I

5. Pyrethrin I

8. Jasmolin I

Pyrethrins are potent insecticides that affect the nervous systems of insects. These six pyrethrin isomers can be 

separated rapidly using a HALO 5 C18 column with low backpressure and good resolution.

CONDITIONS

Column: HALO 90 Å C18, 3.0 x 150 mm, 5 μm

Part Number: 95813-702

Mobile Phase: A= Water

 B= Acetonitrile

Gradient: Time  %B

 0.0  60

 3.0  60

 5.0  72

 7.0  90

 9.0  90

Flow Rate: 1.1 mL/min

Pressure: 170 bar

Temperature: 30 °C

Detection: UV 230 nm, VWD

Injection Volume: 3.0 μL

Sample Solvent: Acetonitrile

Response Time: 0.02 sec

Data rate: 17 Hz

Flow Cell: 2.5 μL semi-micro

LC System: Shimadzu Prominence UFLC XR

ECV: ~14 μL

6. Unknown

7. Unknown

9. Unknown

10. Unknown

Time, min
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MYCOTOXINS BY LC-MS/MS

CONDITIONS

Column: ACE Excel C18-AR, 2.7 μm

Dimensions: 50 x 2.1 mm

Part Number: EXL-109-0502U

Mobile Phase: A: 1 mM ammonium acetate, 0.5% acetic acid in H
2
O

 B:1 mM ammonium acetate, 0.5% acetic acid in 95% MeOH

 Time (mins) %B

 0.0 40

 1.0 40

 2.4 60

 6.8 87

Flow Rate: 0.6 mL/min

Injection: 2 μL

Temperature: 40 °C

Detection: AB SCIEX triple quad 5500

 Positive ESI mode

 Source temperature: 500 °C

 IonSpray voltage: 5500 V

Time, min

ANALYTES

1. Afl atoxin G2 (m/z 331.1 à 313.1)

2. Afl atoxin G1 (m/z 329.0 à 243.1)

3. Afl atoxin B2 (m/z 315.1 à 287.0)

4. Afl atoxin B1 (m/z 313.1 à 285.0)

5. HT-2-toxin (m/z 442.2 à 263.1)

6. T-2-toxin (m/z 484.2 à 305.1)

7. Ochratoxin A (m/z 404.1 à 239.0)

Reproduced with permission of Biotage GB Ltd
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LC-MS ANALYSIS OF MULTIPLE MYCOTOXINS ON HALO 90 Å BIPHENYL

1. Fumonisin B1 (m/z: 722.8)

ANALYTES

2. Afl atoxin G2 (m/z: 331.3)

3. Afl atoxin B2 (m/z: 315.3)

6. Afl atoxin B1 (m/z: 313.3)

4. Afl atoxin G1 (m/z: 329.3)

7. Zearalenone (m/z: 319.4)

5. Fumonisin B2 (m/z: 706.8)

8. Ochratoxin A (m/z: 404.8)

CONDITIONS

Column: HALO 90 Å Biphenyl, 2.1 x 100 mm, 2.7 μm

Part Number: 92812-611

Mobile Phase A: Water with 0.1% formic acid/

 5 mM ammonium formate

Mobile Phase B: Acetonitrile with 0.1% formic acid/

 5 mM ammonium formate

Gradient: Time  %B

 0.0  32

 5.0  34

 10.0  60

Flow Rate: 0.4 mL/min

Initial Pressure: 182 bar

Temperature: 40 °C

Detection: LC-MS

Injection Volume: 2.0 μL

MS System: Thermo Fisher Orbitrap VelosPro ETD

ESI: +4

Heat Block: 350 °C

Sheath Gas Flow: 34.88

Aux Gas Flow: 10.00

Time, min
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