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editorial advisory 
board members

Full Steam Ahead for a New Year 
WELCOME TO THE latest issue of Cannabis Science and Technol-
ogy! As the holidays quickly approach and with the end of the 
year in sight, we are excited to be looking to the future with our 
publication and conference series. Cannabis Science Conference 
Spring is going full-steam ahead for the April 19-21st event in Port-
land, Oregon. For 2023, we are excited to be working with an ex-
cellent group of program chairs as well as esteemed members of 
our newly formed educational steering committee. Cherissa Jack-
son, Dr. Julie Kowalski, Dr. Zacariah Hildenbrand, and Dr. Denise Vi-
dot will be our 2023 program chairs for the medical cannabis, an-
alytical science, cultivation, and psychedelics tracks, respectively. 
We hope you can join us for this exciting conference! 

This issue closes out the year for Cannabis Science and Tech-
nology, however, “Cannabis Analysis” columnist, Brian C. Smith 
kicks off a brand-new series on chromatography that will con-
tinue into the new year! Smith’s discussion of the theory of 
chromatographic separations has the end-goal to derive equa-
tions that will help you better perform experiments to opti-
mize your separations. In the “Navigating the Lab” column, 
guest columnist Robert Thomas gives us important updates re-
garding heavy metals testing and the question of testing more 
than the big four metals (lead, arsenic, cadmium, and mercu-
ry). Thomas points out that it’s clear from the recent study car-
ried out by the FDA’s Botanical Review Team, that the efforts 
of the states to regulate heavy metals are inadequate. He be-
lieves that it’s only a matter of time before the industry moves 
beyond the big four elements and has an expanded regulat-
ed panel that is more in line with the pharmaceutical industry, 
and better reflects consumer safety concerns.

Our peer-reviewed article this month focuses on research ef-
forts to evaluate the potential of a well-designed unidirectional 
aseptic processing approach to both hydrocarbon and supercrit-
ical carbon dioxide extract manufacturing. This study suggests 
that the extraction process is capable of deactivating or remov-
ing the tested microbial contaminants when highly contaminat-
ed Cannabis spp. inflorescence is used as feed material. 

Finally, this issue is also our annual Supplier Profile edition. 
Please see pages 34–42 to learn more about the excellent com-
panies driving the cannabis industry forward!

We hope that you enjoy our November/December 2022  
Cannabis Science and Technology issue! Happy Holidays!

Mike Hennessy Jr
PRESIDENT AND CEO
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cannabis analysis

Principles of Chromatography, 
Part I: Theory
By Brian C. Smith

The word chromatography is Greek 
for color writing (1). It was dis-
covered by Russian chemist Mi-
chael Tswett around 1900. The 

name refers to the fact that he used the 
technique to separate plant pigments, 
and in the glass columns he was using 
he could clearly see colored bands sepa-
rating from each other. The importance 
of chromatography is underscored by 
the fact that two of its early practition-
ers, who laid much of the groundwork 
in the field, Archer J.P Martin and Rich-
ard L.M. Synge, were awarded the Nobel 
Prize in Chemistry in 1952 for their work 
(2). In an absurd byproduct of my re-
search into the history of chromatogra-
phy, I found there exists a record album 
called Chromatography by a band called 
Second Person, one of whose members 
is Julia Johnson, sister of former Unit-
ed Kingdom (UK) Prime Minister Boris 
Johnson (3). Small world, isn’t it?

Chromatography purifies mixtures by 
separating them into their components. 
An instrument that uses chromatogra-
phy to separate a mixture is called a chro-
matograph. Many different types of chro-
matography are used depending upon 
the chemical species that need to be sep-
arated. A chromatograph makes use of 
chemical differences between analytes 

such that they spend different amounts 
of time inside the instrument. As a re-
sult, the different components come out 
of the instrument at different points 
in time. The separated chemical spe-
cies can be identified or quantified us-
ing a detector. The detector used can 
vary from visual identification using the 
color of sample molecules when working 
with glass columns, to mass spectrome-
ters (4). The output of a chromatograph 
is called a chromatogram, which is typi-
cally a plot of detector response on the 
y-axis versus time on the x-axis. Figure 1 
shows an example of a chromatogram.

Note that this chromatogram is a plot 
of detector response versus time in min-
utes, and that there are seven peaks pres-
ent. The position of each peak in a chro-
matogram is denoted by its retention time, 
a measure of how long an analyte spent 
inside the chromatograph. Note that the 
first peak in Figure 1 has a retention time 
of 9 min, and that the other peaks came 
out at later retention times. The size of 
the peak in a chromatogram can be used 
to measure the concentration of the 
chemical species in the original sample 
that gave rise to that peak (5).

The presence of seven peaks in Fig-
ure 1 means the detector saw at least 
seven different components from the 

sample exit the instrument. Assum-
ing all components in the sample were 
completely separated, this means there 
were seven different components pres-
ent in the sample. However, chroma-
tography does not always completely 
separate all the components in a mix-
ture. It is possible for different chem-
ical species to have the same reten-
tion time. For example, there may be 
two or more chemical species responsi-
ble for the peak with a retention time of 
9 min in Figure 1. Although laboratories 
sometimes use retention times to iden-
tify chemical species this should nev-
er be done since a retention time is not 
unique to a chemical species. Therefore, 
molecular identification techniques 
such as infrared spectroscopy (6,7) and 
mass spectrometry (5) should be used.

Chromatography Theory
Imagine a cylindrical tube, or column as 
it’s called in chromatography, of length 
(L), diameter (D), and radius (r) as 
shown in Figure 2.

The volume of this column is given 
by the equation for the volume of a cyl-
inder which is seen in Equation 1:

V = πr2L     [1]

The two most commonly used potency measurement methods in cannabis analysis are infrared spectroscopy and 
chromatography. We have spent many months in this column on how to properly use infrared spectroscopy to 
determine analyte concentrations in cannabis samples. So, now we will discuss chromatography. In this first of a 
series of columns, I will begin a discussion of the theory of chromatographic separations. Our goal will be to derive 
equations that will help you better perform experiments to optimize your separations.
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where V is the column volume, r is the 
radius of column, and L is the length  
of column.

Now imagine that we pack our col-
umn with perfectly spherical particles 
all the same size (an oversimplification 
but needed here to keep things simple). 
This column packing is called a station-
ary phase because it does not move and 
is seen in Figure 2. An example of sta-
tionary phase is silica. Once the col-
umn is packed, the stationary phase 
will occupy a volume denoted by Vs, and 
the total empty space in the column, 
made up of the spaces and interstic-
es between stationary phase particles, 
is called the void volume and is denot-
ed by V0. Because the total contents of 
the column are simply the sum of the 
volumes of the stationary phase and 
the void volume, we can write an equa-
tion for the total column volume (Vt) as 
seen in Equation 2:

Vt = Vs + V0     [2]

where Vt is the total column volume, Vs 
is the stationary phase volume, and V0 is 
the void volume.

In chromatography the mobile phase 
is a fluid that passes through the col-
umn. When our chromatographic col-
umn is filled with this fluid it will fill all 
the voids, thus the volume of the mobile 
phase or Vm is the same as the void vol-
ume V0, as shown in Equation 3:

Vm = V0     [3]

where VM is the mobile phase volume 
and V0 is the void volume.

In gas chromatography (GC) the mo-
bile phase is a gas such as hydrogen, ni-
trogen, or helium (5). GC has been used 
to measure cannabinoid concentrations 
(8) and terpene concentrations (9) in 
cannabis samples. In liquid phase chro-
matography the mobile phase is a liquid 
(5). An example of a liquid mobile phase 
that has been used to measure cannabi-
noids is a mixture of water and acetoni-
trile (9,10). We define the flow rate in a 

Di
am

et
er

, D
Length, L

Stationary Phase

Mobile Phase

Figure 2: A chromatographic column of length (L), diameter (D), and radius (r) packed 
with a stationary phase of spherical particles, all the same size, with a mobile phase 
flowing through it.
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Figure 1: An example chromatogram, in this case a plot of detector response versus time in minutes.
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chromatographic experiment as the vol-
ume per unit time of mobile phase that 
exits the column. For example, if 1 mL of 
mobile phase exits the column per min-
ute then the flow rate is 1 mL/min.

Imagine injecting a sample into the 
head of the column that has zero affin-
ity for the stationary phase, that is, it 
will not absorb on or “stick to” the par-
ticles the column is packed with. As we 
will see, it is the fact that different mole-
cules have different affinities for a given 
column packing that is behind the sep-
aration mechanism of chromatography 
(5,8–10). Since our molecule has zero af-
finity for the column packing, it will only 
have access to the voids and interstices 
in the column, that is, the void volume. 
Let’s assume our void volume is 1 mL. 
If the flow rate is 1 mL/min, all the mo-
bile phase currently in the column will 
be flushed out of the column in 1 min. 
Along with it will come any molecules 
with zero affinity for the column. In this 
case, the chromatogram would have a 
peak 1 min after injection corresponding 
to the exiting of our zero affinity mole-
cule from the column. In chromatogra-
phy, the amount of time it takes a mole-
cule with zero affinity for the stationary 
phase to exit the column is called the 
void time.

The Chromatographic 
Experimental Setup
Imagine we mix up some tetrahydro-
cannabinol (THC) in ethanol and inject 
it at the head of our chromatographic 

column as seen in Figure 3, and that 
we pump a water mobile phase through 
a column packed with spherical silica 
particles where the surface hydroxyl 
(OH) groups have been derivatized 
with alkyl chains with 18 carbons in 
them. In the parlance of chromatogra-
phy this is a “C18” column. The purpose 
of the C18 chains is to convert the polar 
silica surface into one that is non-polar 
to provide a column with affinity for 
non-polar molecules. The C18 chain 
consists of methyl and methylene 
groups only so it is non-polar, and the 
bonding scheme of the chains to the 
silica surface looks something like this: 
CH3-(CH2)17-SiO3. This setup, where the 
mobile phase is polar and the station-
ary phase is non-polar is referred to as 
reversed-phase chromatography.

Briefly, what is called normal phase 
chromatography typically involves a po-
lar surface such as naked silica covered 
with OH groups and a non-polar solvent 
such as hexane. Normal phase chroma-
tography is used to separate polar mole-
cules since they have an affinity for the 
column (5). Reversed-phase chroma-
tography typically involves a non-po-
lar stationary phase, such as a C18 col-
umn, and a polar mobile phase such as 
water (5). Reversed-phase chromatogra-
phy is used to separate non-polar mole-
cules since they have an affinity for the 
column (5). Reversed-phase liquid chro-
matography is frequently used to meas-
ure THC, cannabidiol (CBD), and oth-
er cannabinoids in cannabis samples 

(9,10). The type of chromatography to 
use on your sample can be guided by 
the classic chemical idea of “likes dis-
solve likes.” In the case of chromatog-
raphy, the appropriate adage is “likes 
adsorb likes.” We will discuss the dif-
ferent types of separation mechanisms 
in more detail in later columns.

Once the THC molecules are injected 
into the column, assume they will ad-
sorb on the C18 stationary phase since 
it has an affinity for them. Imagine that 
the THC partitions in such a way that 
½ the molecules are adsorbed and ½ are 
in solution at any given point in time. 
There are only a finite number of ad-
sorption sites on our column packing, 
so the THC molecules adsorb along a fi-
nite length of column, as illustrated by 
the red block in Figure 3. This slug of 
material will contain ethanol solvent 
and THC molecules in solution in con-
tact with stationary phase particles 
with adsorbed THC. The front of this 
slug of material is called the “solvent 
front” as seen in Figure 3 because it will 
be the first part of our sample to exit 
the column. We now have our sample 
injected into our column and are ready 
to begin the separation process. We can 
think of a chromatographic separation 
as a race since different molecules pass 
through the column at different speeds. 
Thus, the situation we see in Figure 3 is 
the beginning of the race. However, we 
will have to wait to see who wins this 
race until next column, as a discussion 
of the details of how a separation hap-
pens is too long for this column.

Conclusion
Chromatography is an analytical chemi-
cal technique used to separate mixtures 
into their component chemical species. 
This is typically done by packing a col-
umn with a stationary phase, injecting 
the sample at the head of the column, 
and then passing a mobile phase of 
fluid through the column. Based on 
their affinities for the column packings 

Solvent Front
THC Solution

Mobile Phase

Figure 3: Injection of a THC solution at the head of a chromatographic column.
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different chemical species will leave the 
column at different points in time. As 
the different chemical species exit the 
column they can be quantitated and 
identified using different detectors. We 
defined the column volume, void vol-
ume, stationary volume, void time, and 
retention time, concepts we will need 
going forward to understand chromato-
graphic separation mechanisms. 
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Expanding the Panel of Heavy 
Metal Contaminants in Cannabis 
and Hemp Beyond the Big Four: 
What Is the Regulatory Evidence Telling Us?
By Robert Thomas

The lack of federal oversight 
with regard to heavy metals in 
consumer cannabis products in 
the US has left individual states 

to regulate its use. Cannabis is legal 
in 37 states, while 18 states and Wash-
ington, D.C. allow its use for adult 
recreational consumption (1). Howev-
er, the cannabis plant is known to be 
a hyper-accumulator of heavy metals 
in the soil, so it is critical to monitor 
levels of elemental contaminants to 
ensure cannabis products are safe to 
use. Unfortunately, there are many in-
consistencies with heavy metal limits 
in different states where cannabis is 
legal. The vast majority of these states 
define the “big four” heavy metals as 
lead (Pb), arsenic (As), cadmium (Cd), 
and mercury (Hg). New York State 
also requires the testing for chromi-
um (Cr), nickel (Ni), copper (Cu), an-
timony (Sb), and zinc (Zn), while 
Michigan requires inorganic As (not 
total) and also adds Cr, Ni, and Cu to 
the big four. Maryland and a few oth-
er states also include Cr as well as the 
big four. Some states base their lim-
its directly in the cannabis, while oth-
ers are related to human consumption 
per day. Others take into considera-
tion the body weight of the consumer, 

while some states do not even have 
heavy metal limits. To complicate the 
situation, certain states only require 
heavy metals in the cannabis plant or 
f lower, while some give different lim-
its for the delivery method such as 
oral, inhalation, or transdermal (2). 

State Inconsistencies
These inconsistencies and the frac-
tured nature of state-based limits 
would make it extremely complicat-
ed to implement at the federal level 
unless there was a completely fresh 
assessment of the regulations. For 
example, why does New York State 
currently have action limits for nine 
elemental contaminants whereas the 
vast majority of the other states only 
require the big four. In other words, 
what do New York regulators know 
about the toxicological impact of the 
five additional elements, compared to 
say California that only regulates four. 
Or why does Michigan require inorgan-
ic arsenic (iAs) while every other state 
just lists total arsenic. Furthermore, 
how can some states justify no heavy 
metal action limits at all? It might all 
become a moot point when federal reg-
ulators have oversight of the industry, 
but what will that regulatory panel look 

like? The disparity in state-based limits 
can be a good indicator, but there 
might also be clues in the way feder-
ally approved cannabidiol (CBD) drug 
formulations have historically been 
regulated, together with an under-
standing of how national standards and 
testing organizations have approached 
writing standardized methods and the 
development of reference materials.

Disparity with Federal Limits
To highlight the disparity between 
state-based limits and federal guidelines 
for pharmaceutical formulations, the 
Food and Drug Administration’s (FDA) 
Botanical Review Team in the Office of 
New Drug Products recently published  
a study entitled “Quality Standards in 
State Programs Permitting Cannabis 
for Medical Uses,” which compared the 
maximum allowable limits of the big 
four heavy metals for states that had 
medical cannabis programs (MCP) with 
United States Pharmacopeia USP Chapter 
<232> permitted daily exposure (PDE) 
concentrations in inhalation and oral 
drug formulations (3). Although the ac-
tual states are not mentioned, it can be 
seen from Table I that in the majority 
of cases, the eight medical programs 
reported are very different to the USP 
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limits. In fact, it can be seen by the data 
in red that they are significantly higher 
than the federal limits.

There is no obvious reason as to why 
the state programs action limits are so 
different, but the researchers’ overall 
conclusion was three-fold:

• Testing for the four heavy metals 
in inhalation and oral products 
was lacking in the majority of the 
state medical programs.

• Even when present, it was incon-
sistent across the different medi-
cal programs.

• It did not always align with USP 
recommendations.

How Many Metals  
Are Enough?
Clearly, there is a need for more con-
sistency across state lines, particularly 
as the industry inevitably moves in the 
direction of federal oversight. This is 
further compounded by the fact that 
there is compelling evidence in the 
public domain that only monitoring the 
big four heavy metals is not enough to 
ensure consumer safety. But how many 
metals should there be in an expanded 
panel, particularly as there is no com-
prehensive understanding of the sources 
of elemental contaminants in the canna-
binoid production processes. Moreover, 
besides the big four, there is no consen-
sus on the toxicity impact of other heavy 
metals in cannabis and hemp, as there 
have been no risk studies carried out 
regarding heavy metal contaminants and 
for that reason, consumer health is likely 
being compromised. 

At a recent American Society for 
Testing and Materials (ASTM) work-
shop dedicated to the measurement 
of heavy metals in cannabis and hemp 
consumer products, compelling ev-
idence was presented by several re-
searchers that suggested 10–15 ele-
mental contaminants are worthy of 
consideration (4). Moreover, the 

National Institute of Standards and 
Technology (NIST) is developing a 
13-toxic element hemp certified refer-
ence material (CRM) through its Can-
nabis Quality Assurance Program  
(CannaQAP) to include Pb, Cd, As, Hg, 
beryllium (Be), cobalt (Co), Cr, man-
ganese (Mn), molybdenum (Mo), Ni, 
selenium (Se), uranium (U), and va-
nadium (V) (5). In addition, ASTM In-
ternational’s D37 Cannabis Committee 
has recently developed and approved a 
standardized inductively coupled plas-
ma-mass spectrometry (ICP-MS) meth-
od for up to 24 different elemental con-
taminants in cannabis. As a result, it is 
going to offer testing laboratories the 
flexibility to select the heavy metals 
that are important in their jurisdiction 
and, in particular, to encourage state 
regulators to expand the panel beyond 
the big four to those additional metals 
that are worthy of regulatory scrutiny.

Regulatory Evidence 
The only solid evidence we have at this 
current time for what could be a fed-

erally regulated panel is with the FDA 
approved CBD-based drug Epidiolex, 
which is available in the US to treat 
childhood seizures. Manufactured by 
UK-based GW Pharmaceuticals, it went 
through the regulatory process four 
years ago to get it approved in the US 
and had to show compliance by meet-
ing PDE limits for up to 24 elemental 
impurities as defined in USP Chapter 
232 (6) and International Council for 
Harmonisation of Technical Requirements 
for Pharmaceuticals for Human Use 
(ICH) Q3D guidelines (7).

Moreover, the USP recently pub-
lished a draft monograph for CBD as 
an active pharmaceutical ingredient 
(API) for a federally approved drug for-
mulations which stated that (8): “Ele-
mental impurities in official drug prod-
ucts are controlled according to the 
principles defined and requirements 
specified in Elemental Impurities—
Limits 232, as presented in the General 
Notices 5.60.30.”

In the long term, this could possibly 
indicate that the FDA will regulate CBD 

Table I: Comparison of state medical cannabis programs (MCP) with USP Chap-
ter <232> permitted concentrations in inhalation and oral drug formulations (3)
Inhalation Route of Administration (ROA)

USP <232> 
(µg/g)

MCP1 
(µg/g)

MCP2 
(µg/g)

MCP3 
(µg/g)

MCP4 
(µg/g)

MCP5 
(µg/g)

Arsenic 0.2 0.2 0.4 2.0 10.0 0.2

Cadmium 0.2 0.2 0.5 0.82 4.1 0.2

Lead 0.5 0.5 1.0 1.2 10.0 0.5

Mercury 0.1 0.2 0.2 0.4 2.0 0.1

Oral Route of Administration (ROA)

USP <232> 
(µg/g)

MCP6 * 
(µg/g)

MCP7 
(µg/g)

MCP8 
(µg/g)

MCP5 
(µg/g)

Arsenic 1.5 1.5 10.0 1.5 1.5

Cadmium 0.5 0.5 4.1 0.3 0.5

Lead 0.5 1.0 6.0 1.0 0.5

Mercury 3.0 1.5 2.0 0.5 3.0

*USP <2232> limits
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products for up to 24 elemental contam-
inants when it eventually has oversight 
of the cannabis industry. But more im-
portantly, in the short term it implies 
that CBD being manufactured in the US 
for recreational or medicinal purposes 
does not meet the purity requirements 
for federally-approved drugs, because 
currently it only has to comply with the 
state’s maximum limits for heavy metal 
contaminants, which in most US states is 
typically only Pb, Cd, As, and Hg.

However, it’s important to 
stress that a panel generated by 

pharmaceutical regulators isn’t neces-
sarily one that should be used by the 
cannabis industry, as the process for 
manufacturing cannabinoids is very 
different to drug products. At some 
point, the cannabis industry needs to 
carry out a comprehensive risk assess-
ment study to provide evidence as to 
what metals are worthy of considera-
tion similar to what the pharmaceuti-
cal regulators did to characterize el-
emental impurities in drug products 
and formulations (9). To better under-
stand this risk assessment process and 

how it might have a bearing on a can-
nabis panel of heavy metal contami-
nants, let’s take a closer look at how 
pharmaceutical regulations for ele-
mental impurities came into existence.

Federal Regulations for Drug 
Substances and Products
The pharmaceutical industry began the 
process to overhaul regulations and 
methodology for elemental impuri-
ties more than 20 years ago when it 
updated its 100-year-old semi-quanti-
tative sulfide precipitation colorimetric 

Table II: USP Chapter 232 and ICH Q3D guidelines PDE limits for elemental impurities in drug compounds per method 
of administration (6,7)
Element Class Oral PDE (µg/day) Parenteral PDE (µg/day) Inhalational PDE (µg/day) Proposed Transdermal PDE (µg/day)

Cd 1 5 2 3 20

Pb 1 5 5 5 50

As 1 15 15 2 30

Hg 1 30 3 1 30

Co 2A 50 5 3 50

V 2A 100 10 1 100

Ni 2A 200 20 6 200

Tl 2B 8 8 8 8

Au 2B 300 300 3 3000

Pd 2B 100 10 1 100

Ir 2B 100 10 1 100

Os 2B 100 10 1 100

Rh 2B 100 10 1 100

Ru 2B 100 10 1 100

Se 2B 150 80 130 800

Ag 2B 150 15 7 150

Pt 2B 100 10 1 100

Li 3 550 250 25 2500

Sb 3 1200 90 20 900

Ba 3 1400 700 300 7000

Mo 3 3000 1500 10 15000

Cu 3 3000 300 30 3000

Sn 3 6000 600 60 6000

Cr 3 11000 1100 3 11000
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test for a small suite of heavy metals 
to eventually arrive at a method to 
monitor 24 elemental impurities in 
drug products using plasma spectro-
chemistry. Moreover, they completely 
reassessed the toxicological impact of 
these elemental contaminants based 
on well-established animal models and 
defined them by PDE limits according 
to the mode of administration (oral, 
parenteral, inhalation, and transder-
mal) and classified them by toxicity and 
the probability of finding them in the 
drug manufacturing process. 

These limits were described in USP 
232 - Elemental Impurities (6) togeth-
er with ICH Q3D Guidelines (7). While 
the measurement procedures were de-
fined in USP Chapter 233 which de-
scribes the plasma spectrochemis-
try methodology (inductively coupled 
plasma-optical emission spectrometry 
[ICP-OES] or ICP-MS), a microwave 
digestion procedure, and a full set of 
validation protocols (10). Table II rep-
resents the full list of USP and ICH el-
emental PDE limits in microgram per 
day (µg/day) per delivery method and 
toxicological classification, which are 
explained in greater detail in Table III.

It’s also important to emphasize that 
the data in Table II are maximum limits 
per day. So, for a suggested daily dosage 
of 10 g, these limits should be divided by 
10 to calculate the maximum allowable 
limits in the drug products in microgram 
per gram (µg/g). However, even though 

10 g is  a typical maximum dosage for 
drugs, we have no way of knowing in 
what quantities consumers use canna-
bis products. So, if larger quantities are 
being consumed these PDE limits will 
be even lower. Furthermore, the mode 
of administration will also impact the 
regulated limit, so inhalation PDEs in 
most cases are significantly lower than 
the oral ones. In addition, the classifica-
tion number will impact the frequency 
of testing with the Class 1 and 2A metals 
of higher priority that the Class 2B and 3 
metals. In fact, the classification can of-
fer clues as to what elements from this 
list would be  worthy of consideration for 
an expanded panel to regulate cannabis 
and hemp consumer products. For ex-
ample, Class 1 and 2A would warrant in-
clusion in any regulated panel, whereas 
Class 2B metals would likely not be re-
quired at all, because they are not used 
in the manufacturing process. On the 
other hand, Class 3 metals may not be re-
quired for oral products but would be re-
quired for inhalation products such as 
vaping devices.

Final Thoughts
Currently in the life cycle of the can-
nabis industry, it is not obvious where 
the heavy metal regulatory landscape 
will end up. Clearly, the big four are 
not enough, but what is a realistic 
panel that reflects the real world of 
cannabinoid production? New York and 
Michigan states are leading the charge 

with an additional five and four metals 
respectively, with a few other states 
like Maryland and Missouri adding 
chromium to the big four. But it’s clear 
from the recent study carried out by 
the FDA’s Botanical Review Team that 
they view the efforts of the states to 
regulate heavy metals as being inade-
quate. However, recent activity from 
the USP has sent signals to the industry 
that if they want to produce CBD as 
an API for use as a federally approved 
drug formulation, they are going to 
have to monitor up to 24 elemental 
contaminants to meet the quality 
attributes. And it’s encouraging that 
standards organizations are developing 
standardized methods to meet these 
demands with NIST developing  a 
13-toxic element hemp CRM and ASTM 
approving an ICP-MS method for up 
to 24 different elemental contaminants 
in a wide variety of cannabis and hemp 
related samples. The evidence is clearly 
going in that direction, and it should 
be only a matter of time before the 
industry moves beyond the big four and 
has an expanded regulated panel that 
is more in line with the pharmaceutical 
industry, and  better reflects consumer 
safety concerns.
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Table III: Toxicological classification of the regulated panel for drug products, and the suggested testing frequency
Regulated Elemental Impurity Testing Frequency

Class 1 metals—Pb, Cd, As, Hg These are human toxicants that have no purpose in the manufacture of phar-
maceuticals, and should be evaluated at all times, without exception. 

Class 2A metals – Co, V, Ni Have high probability of occurrence in the drug product and should also be 
monitored at all times.

Class 2B metals —Au, Pd, Ir, Os, Rh, Ru, Se, Ag, and Pt Have a reduced probability of occurrence related to their low abundance and, 
as a result, can be excluded unless they are intentionally added during the 
manufacture of the drug product. 

Class 3 metals — Li, Sb, Ba, Mo, Cu, Sn, and Cr Have relatively low toxicities by the oral route of administration but could 
warrant serious consideration for inhalation and intravenous routes.

https://www.mpp.org/states
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Cliff Haney from PurePressure details the top four variables 
of solventless extraction: genetics, material handling, wash 
process and processing, and equipment. By providing tips 
and tricks for successful solventless production, Haney 
ensures a high-quality end product.

S olventless extraction in cannabis production requires certain systems, equipment, and 
handling. PurePressure by Agrify works to provide cannabis operators with these tools in order 
to produce the best possible end product. To learn more, Cannabis Science and Technology 

[CST] sat down with Cliff Haney [Senior Account Manager, PurePressure by Agrify] to discuss the ins 
and outs of the extraction process.

CST: What trichome size and shape indicates strong genetics?
HANEY: Typically, what most businesses are focused on is the yield of the plant. What we’re looking 
for with solventless extraction is a glandular trichome head. The capitate-stalked trichome is 
typically the best yielder as far as hash genetics go. Within that range of hash that you’ll pull, there 
are different micron sizes. Typically, 90 to 120u is going to be your highest-quality material. That’s 
where you’ll find your full-melt product, but there are a lot of other factors that go into play. Yields 
aren’t everything. Terpene content is another thing that consumers are looking for; that’s going to 
be the flavor and the aroma. The reason I like companies like Farmhouse Studio Genetics, Shwale 
is the fact that it takes macro images of genetics to show you the size and shape of trichome heads 
at a macro level. You can even purchase these types of microscopes or camera lenses online for a 
reasonable price.

CST: What strains do you like and why?
HANEY: I think my all-time favorite strain has been the Poontang Pie cut from Single Source. 
The flavor is just so unique, and that papaya really shines through. I typically lean more towards 
the fruity strains, but they’re not as common. They’re typically not as heavy of yielders as, say, 
something like a GMO [genetically modified organism], but it’s good to have different types of 
strains for different types of consumers. Everyone has a different palate and a lot of people do prefer 
those gassy strains. Papa’s Select is another company I’ve had some incredible strains from. Their 
Lemon Royale, their Grapes N Cream, the Amarillo. Papaya is always a strain from most companies 
that sells out first and it’s typically a crowd favorite.

CST: Can you explain material handling and how it impacts your end product?
HANEY: Absolutely. It’s important to take care when you’re handling the buds of the plant. You don’t 
want to be putting your hands all over the buds where you could damage those trichome heads 
in any way. It’s important that whoever you’re working with, whether you’re sourcing the material 
or growing it, that once they harvest these plants, they’re sealing them up and getting them in the 
freezer as soon as possible. That’s how you’re going to maintain that quality throughout.

Top Four Variables to Focus on with 
Solventless Extraction

Cliff Haney
Senior Account Manager
PurePressure by Agrify

CST: How important is temperature in the wash process?
HANEY: That is absolutely the most important variable. You want to keep 
your room cold. Typically, I’m looking for about 50°F. You can go colder. 
It’s a little more difficult to work in, but the colder the better for the hash-
washing process. In terms of the temperature of the actual mixture—the 
ice and water that I’m going to be washing the flower in—I typically shoot 
for around 34°F, and that helps prevent chlorophyll from leaching out 
from the plant. That could change where you get that green color, or even 
that plant-like taste that comes out if you do exceed those temperatures. 
Anywhere between 34°F to 40°F is fine for washing.

CST: Can you explain the process of how to press?
HANEY: The environment isn’t as important for the actual pressing side 
of things. As far as loading the bags and the prep work, it is nice to do this 
in a cold environment. I’ve been in 70°F rooms before where I’m trying to 
load the bags and the bubble hash, and it’s really a sticky mess. So, if you 
can prep those bags in a cold environment beforehand, you’re going to 
be better off. Typically, what I do is load my bags and prepress those bags 
while press plates are heating up. I like to start at around 180°F and go 
from there. If I want to increase the temperature, sometimes I’ll go all the 
way up to 200°F. Once I’ve allowed that rosin to cool after the pressing 
process, that’s when I will remove it from the parchment paper and place it 
into a jar, seal that top, and place that in the refrigerator. I store my bubble 
hash in the freezer and my finished rosin products in the refrigerator.

CST: Can you explain the difference between freeze drying vs.  
air drying?
HANEY: Freeze drying is the industry standard because it is a simple 
process. It’s plug and play; you set the temperature, the duration of 
your freeze time, and your dry time. With air drying, it’s more of an art; 
you have to control your environment, doing so in a walk-in freezer, and 
there’s microplanning involved. If you don’t have the right temperature 
for your environment, you can start to see that product degrade and 
darken. A lot of consumers associate the color and the lightness of the 
material with quality.

CST: Can you explain the importance of insulated vessels, stainless 
steel, and preventing microplastics?
HANEY: Insulated vessels are going to help you with maintaining that 
temperature of around 34°F. It’s going to help you minimize the amount 
of ice you’re using in that process as well. As far as the stainless steel, 
that is the industry standard for something that you can keep clean. A 
lot of people you’ll see using trash cans. They also use terpenes—they’re 
solvents—so they can really break down materials. That’s why you’ll see 
companies that are using these trash cans; they’re constantly having to 
replace them as those terpenes start to break down plastics.
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Cliff Haney from PurePressure details the top four variables 
of solventless extraction: genetics, material handling, wash 
process and processing, and equipment. By providing tips 
and tricks for successful solventless production, Haney 
ensures a high-quality end product.

S olventless extraction in cannabis production requires certain systems, equipment, and 
handling. PurePressure by Agrify works to provide cannabis operators with these tools in order 
to produce the best possible end product. To learn more, Cannabis Science and Technology 

[CST] sat down with Cliff Haney [Senior Account Manager, PurePressure by Agrify] to discuss the ins 
and outs of the extraction process.

CST: What trichome size and shape indicates strong genetics?
HANEY: Typically, what most businesses are focused on is the yield of the plant. What we’re looking 
for with solventless extraction is a glandular trichome head. The capitate-stalked trichome is 
typically the best yielder as far as hash genetics go. Within that range of hash that you’ll pull, there 
are different micron sizes. Typically, 90 to 120u is going to be your highest-quality material. That’s 
where you’ll find your full-melt product, but there are a lot of other factors that go into play. Yields 
aren’t everything. Terpene content is another thing that consumers are looking for; that’s going to 
be the flavor and the aroma. The reason I like companies like Farmhouse Studio Genetics, Shwale 
is the fact that it takes macro images of genetics to show you the size and shape of trichome heads 
at a macro level. You can even purchase these types of microscopes or camera lenses online for a 
reasonable price.

CST: What strains do you like and why?
HANEY: I think my all-time favorite strain has been the Poontang Pie cut from Single Source. 
The flavor is just so unique, and that papaya really shines through. I typically lean more towards 
the fruity strains, but they’re not as common. They’re typically not as heavy of yielders as, say, 
something like a GMO [genetically modified organism], but it’s good to have different types of 
strains for different types of consumers. Everyone has a different palate and a lot of people do prefer 
those gassy strains. Papa’s Select is another company I’ve had some incredible strains from. Their 
Lemon Royale, their Grapes N Cream, the Amarillo. Papaya is always a strain from most companies 
that sells out first and it’s typically a crowd favorite.

CST: Can you explain material handling and how it impacts your end product?
HANEY: Absolutely. It’s important to take care when you’re handling the buds of the plant. You don’t 
want to be putting your hands all over the buds where you could damage those trichome heads 
in any way. It’s important that whoever you’re working with, whether you’re sourcing the material 
or growing it, that once they harvest these plants, they’re sealing them up and getting them in the 
freezer as soon as possible. That’s how you’re going to maintain that quality throughout.

Top Four Variables to Focus on with 
Solventless Extraction

Cliff Haney
Senior Account Manager
PurePressure by Agrify

CST: How important is temperature in the wash process?
HANEY: That is absolutely the most important variable. You want to keep 
your room cold. Typically, I’m looking for about 50°F. You can go colder. 
It’s a little more difficult to work in, but the colder the better for the hash-
washing process. In terms of the temperature of the actual mixture—the 
ice and water that I’m going to be washing the flower in—I typically shoot 
for around 34°F, and that helps prevent chlorophyll from leaching out 
from the plant. That could change where you get that green color, or even 
that plant-like taste that comes out if you do exceed those temperatures. 
Anywhere between 34°F to 40°F is fine for washing.

CST: Can you explain the process of how to press?
HANEY: The environment isn’t as important for the actual pressing side 
of things. As far as loading the bags and the prep work, it is nice to do this 
in a cold environment. I’ve been in 70°F rooms before where I’m trying to 
load the bags and the bubble hash, and it’s really a sticky mess. So, if you 
can prep those bags in a cold environment beforehand, you’re going to 
be better off. Typically, what I do is load my bags and prepress those bags 
while press plates are heating up. I like to start at around 180°F and go 
from there. If I want to increase the temperature, sometimes I’ll go all the 
way up to 200°F. Once I’ve allowed that rosin to cool after the pressing 
process, that’s when I will remove it from the parchment paper and place it 
into a jar, seal that top, and place that in the refrigerator. I store my bubble 
hash in the freezer and my finished rosin products in the refrigerator.

CST: Can you explain the difference between freeze drying vs.  
air drying?
HANEY: Freeze drying is the industry standard because it is a simple 
process. It’s plug and play; you set the temperature, the duration of 
your freeze time, and your dry time. With air drying, it’s more of an art; 
you have to control your environment, doing so in a walk-in freezer, and 
there’s microplanning involved. If you don’t have the right temperature 
for your environment, you can start to see that product degrade and 
darken. A lot of consumers associate the color and the lightness of the 
material with quality.

CST: Can you explain the importance of insulated vessels, stainless 
steel, and preventing microplastics?
HANEY: Insulated vessels are going to help you with maintaining that 
temperature of around 34°F. It’s going to help you minimize the amount 
of ice you’re using in that process as well. As far as the stainless steel, 
that is the industry standard for something that you can keep clean. A 
lot of people you’ll see using trash cans. They also use terpenes—they’re 
solvents—so they can really break down materials. That’s why you’ll see 
companies that are using these trash cans; they’re constantly having to 
replace them as those terpenes start to break down plastics.
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The findings of this study are from the research initiative submitted to the Pennsylvania State 
Department of Health in accordance with House Bill 1024. The research study involved evaluating 
the effectiveness of solvent-based extraction methods for eliminating or substantially diminishing 

microbial contamination from feed materials (for example, Cannabis sativa) during the extract 
manufacturing process. This study investigated both supercritical carbon dioxide and hydrocarbon 

extraction technologies. Organic Remedies Inc.’s unidirectional aseptic manufacturing infrastructure 
and processes were used starting with contaminated plant material to prepare primary extracts 

followed by essential, decarboxylated, and distilled oils. Testing of extracts for microbial contamination 
according to Pennsylvania State regulations was carried out by a state certified laboratory. Results 

of testing associated with starting plant material revealed the presence of 28,000 cfu/g total aerobic 
bacteria, 17,975 cfu/g enterobacteriaceae, and “too numerous to count” cfu/g total yeast and mold. 
E. coli, salmonella spp., and mycotoxins were not detected. Results of testing all extracted materials 
showed that they were free of the tested microbial contaminants and fungal toxins. Data presented 

here show the results of testing for the hydrocarbon extraction pathway and the supercritical carbon 
dioxide pathway. In addition to testing for microbial contamination, the data show results for content 
of delta-9 tetrahydrocannabinol (THC), cannabidiol (CBD), total cannabinoids, and total terpenes, all 

of which were used to evaluate extraction efficiency. 

From Contaminated Cannabis 
Material to Microbe-Free 

Extracts: A Real-World Test
M . R .  J U N E - W E L L S ,  F. W .  F O C H T M A N ,  B .  B A L I N ,  W . P.  P E T R O S K I ,  D .  N I E S E N ,  A N D  E .  H A U S E R

Organic Remedies Inc., is a ver-
tically integrated grower and 
processor located in Carl-
isle, Pennsylvania. As a li-

censed Clinical Registrant (CR), Or-
ganic Remedies Inc., participates with 
the Philadelphia College of Osteo-
pathic Medicine, an Academic Clinical 
Research Center (ACRC), in research 
studies that explore the medicinal 
qualities of Cannabis sativa and its re-
lated formulated products. With the 
recent refinement of the Pennsylva-
nia Medical Marijuana Regulations (1), 
ACRCs and CRs were allowed to un-
dertake studies exploring whether the 

extraction process and associated re-
finement protocols are capable of pro-
ducing materials that were within De-
partment of Health quality standards 
when contaminated plants were uti-
lized as feed material.

The current microbial contami-
nant limits for Cannabis spp. feed ma-
terial intended for use in extracted 
product manufacturing are non-de-
tect, non-detect, <10,000 cfu/g, 
<10,000 cfu/g, and <1,000 cfu/g for 
Salmonella spp., Escherichia coli, total 
aerobic bacteria, total yeast and mold, 
and bile tolerant gram-negative (En-
terobacteriaceae) bacteria, respectively 

(1). Pennsylvania microbial limits (1) 
are relatively strict in comparison to 
other states’ standards; the rationale 
for such strict limits is a result of can-
nabis’ definition as a medicine in the 
current regulatory framework of the 
state. Moreover, no form of post-har-
vest sterilization is permitted; there-
fore, if a batch of flower or trim fails 
microbial testing it must be de-
stroyed.  In an efficiently operating in-
door grow the cost of dried or cured 
plant material to the producer can be 
as much as $2.00/g; in a greenhouse 
setting, that cost can be as low as 
$0.75/g. As a result, plant material not 
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conforming to PA microbial criteria has 
substantial negative impacts on business 
revenue, employment opportunities, and 
the cost of medical cannabis products.

Sterilization of cash crops is not un-
common in the food or nutraceutical in-
dustries; however, those products are 
very different from cannabis because 
they are usually fruits and herbs that are 
intended for oral consumption by the 
consumer. Furthermore, products such 
as fruits, vegetables, and herbs have very 
different morphological characteristics 
compared to Cannabis spp. inflorescence 
intended for vaporization or the man-
ufacturing of products created via ex-
traction. For the food and nutraceutical 
industries, numerous sterilization tech-
niques are outlined in the United States 
Pharmacopeia (USP) (2) and permitted 
by the US Food and Drug Administra-
tion (FDA) and—when coupled with fi-
nal product testing—can reliably en-
sure consumer safety. Some examples 
of terminal sterilization technologies 
that are permitted by the FDA include 
steam-sterilization, dry-heat steriliza-
tion, gas sterilization, ionizing radia-
tion, and sterilizing filtration (2). Fur-
thermore, the USP and FDA describe 
a process-based microbial risk mitiga-
tion technique for manufacturing called 
“Unidirectional Aseptic Processing” (2). 
That process, which does not diminish 
the importance of terminal sterilization 
and final product testing, incorporates 
numerous terminal sterilization tech-
niques in the manufacturing process, ap-
propriate air handling infrastructure, 
and intensive training of personnel (2).

As previously mentioned, Cannabis sa-
tiva differs from other cash crops regard-
ing the intended use of its manufactured 
products. In fact, the entire manufactur-
ing process—including the variety of fi-
nal product formats—differs from other 
agricultural industries insofar as it is in-
tended to produce botanical, extracted 
raw materials, and formulated products. 
Further complicating the manufacturing 
of Cannabis spp. products is that there 

is no single set of regulations governing 
the quality of raw material or final prod-
ucts; this lack of central governance is 
due to the classification of Cannabis sa-
tiva—particularly the cannabinoid D9 

-tetrahydrocannabinol (D9 -THC)—as 
a Schedule I controlled substance (3).  
Therefore, regulatory frameworks are 
created on a state-by-state basis and rec-
ommendations set forth by the FDA or 
their associated advisory bodies may not 
be wholly adopted. For example, Penn-
sylvania does not allow for the use of 
federally accepted microbial remedia-
tion technology to sterilize contaminat-
ed plant material prior to market distri-
bution. Additionally, the state does not 
allow Cannabis sativa growers or proces-
sors to utilize plant material contami-
nated with bacteria or yeast and mold in 
the manufacturing of raw materials or 
formulated products via solvent extrac-
tion. The logic behind these types of reg-
ulations is sound in that they are set up 
to be risk averse and to ensure that pa-
tients in the medical cannabis market of 
Pennsylvania have access to safe thera-
pies; however, the current (restrictive) 
framework overlooks the capabilities of 
the extraction process including the as-
sociated infrastructure to deactivate or 
remove microbial contaminants.

In cooperation with the Philadel-
phia College of Osteopathic Medicine 
and with the approval of the Pennsyl-
vania Department of Health, Organ-
ic Remedies Inc. designed and execut-
ed the proceeding study to investigate 
the potential of a well-designed solvent 
extraction and raw-material manufac-
turing process to deactivate or remove 
microbial contaminants from compro-
mised feed material during the produc-
tion of materials used to create con-
sumer products.

Materials and Methods
Plant Material Preparation
Two batches of contaminated cannabis 
inflorescence (Triangle Kush x Fruity 
Pebbles, TKFP211007H/TKFP211007H1) 

were combined into a single batch of 
plant material large enough to support 
two experiments. Sub-batches were de-
rived from the homogenized parent batch 
and were treated differently pre-ex-
traction. For hydrocarbon extraction, the 
plant material's native bud structure was 
retained and batched in equal-mass repli-
cates. Prior to carbon dioxide extraction, 
all parent plant material was ground 
using a Robocoupe Blixer 15 then batched 
into equal mass replicates. 

The total amount of plant material al-
located to hydrocarbon and supercritical 
fluid extraction was 9.67 kg and 12.98 kg, 
respectively. The mass of plant materi-
al in each hydrocarbon replicate (n=5) was 
1.93 kg and the mass of each supercritical 
carbon dioxide replicate (n=5) was 2.60 kg.

Carbon Dioxide and 
Hydrocarbon Extraction
Hydrocarbon extraction was performed 
by cooling the extraction solvent to -20 oC 
before injecting the solvent into the closed-
loop extraction system. The extraction pro-
cess was conducted under dynamic flow (1.0 
L/min.) conditions at 1 Bar. Each extraction 
lasted 15 min with temperature held con-
stant at -20 oC by heat exchangers located 
before and after the extraction columns.  

Supercritical carbon dioxide extrac-
tion was conducted under dynamic flow 
with the solvent pressurized to 285 Bar 
and heated to 55 oC; the flow rate of the 
carbon dioxide solvent was 275 g/min 
over 8 h resulting in a solvent to feed ra-
tio of 51:1. The temperature and pres-
sure conditions in the retrograde phas-
es were 55 oC/115 Bar, 40 oC/60 Bar, and 
24 oC/46 Bar, in the first, second, and 
third separators, respectively. The pro-
cess conditions outlined above resulted in 
a carbon dioxide extraction output of two 
different fractions; those fractions were 
derived from separator 1 and separator 2. 
No material was obtained from separator 
3. Concordantly, each extraction replicate 
yielded two fractions (denoted A and B) 
that were tested independently and later 
combined for downstream processing.
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Winterization
Winterization of the primary hydrocarbon 
extract was performed in the extraction 
solvent by maintaining a temperature of 
-80 oC for 12 h; the raw extract from each 
replicate was transferred to a vessel suit-
able to long term storage at -80 oC.  Fol-
lowing the extended period of exposure 
to -80 oC, the raw extract was pumped at a 
rate of 3 L/min through the CUNO BHN2 
bag (25 μm) filtration system at 1 Bar.

Combined extracts (such as the A and 
B fractions) from each carbon dioxide 
extraction replicate were dissolved in 
absolute ethanol at 40 oC with the assis-
tance of a sonic bath. The volume of eth-
anol used during this process was 10x 
the mass of the combined extracts. To 
ensure that the raw extracts were ful-
ly dissolved, a hand blender was used. 
The ethanol and raw extract mixture 
was then put into a freezer at -40 oC for 
12 h; following, the fats and waxes were 
removed using a 300 mm stainless steel 
Buchner funnel, Whatman 1 (11 μm) fil-
ter paper, and a vacuum pump and flask 
assembly. The residual fats on the fil-
ter were rinsed with clean, cold ethanol 
(-40 oC) until they were pearlescent.

Clarification
To remove chlorophyll from the win-
terized hydrocarbon extracts, 650 g of 
pharmaceutical grade magnesium silicate 
was packed into a specialized column 
that was attached to the closed-loop 
extraction system. With that column in 
place, the winterized and filtered extract 
was pumped down through MgSiO3 at a 
rate of 1 L/min, at a pressure of 1.5 Bar, and 
20 oC until all material was fed in through 
the system.

Clarification of the winterized and fil-
tered supercritical carbon dioxide ex-
tract was conducted by direct addition of 
peat-derived activated carbon. Next, 35 g 
of activated carbon was added directly to 
the winterized extract that was dissolved 
in ethanol. The mixture was then heated 
to 50 oC and agitated with an immersion 
circulator for 30 min. Subsequently, the 

*106 CFU/g used to indicate TNTC

Figure 1: Total yeast and mold (TYM) by manufacturing stage in the hydro-
carbon extract manufacturing process (N=5).
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Figure 2: Total aerobic bacteria (TAB) by manufacturing stage in the hydro-
carbon extract manufacturing process (N=5).
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Figure 3: Enterobacteriaceae (ENT) by manufacturing stage in the hydrocar-
bon extract manufacturing process (N=5).
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activated carbon was removed from the 
ethanolic mixture using a 300 mm Buch-
ner funnel with Whatman 1 filter paper 
(11 μm) attached to a vacuum pump and 
flask system operating at 0.1 Bar.

Sterilizing Filtration
In both extraction paradigms, steriliz-
ing filtration was executed in a similar 
manner except for a single difference; 
that difference was the temperature that 
was maintained during the process. In 
the case of hydrocarbon extracts, the 
sterilizing filtration occurred at room 
temperature. For supercritical carbon 
dioxide extracts, the winterized and clari-
fied mixture was cooled to -40 oC for 12 h 
before sterilizing filtration to ensure that 
all fats and waxes were captured. Both 
hydrocarbon and supercritical carbon di-
oxide extracts were pumped into the 3M 
cartridge filtration system (<0.2 μm) at a 
pressure of 1 bar until all extract moved 
through the system.

Solvent Recovery
For hydrocarbon extracts, the solution 
was transferred to a 10 L rotary evapora-
tor. The conditions for solvent recovery 
of the hydrocarbon solvent were 36 oC, 0.5 
Bar, and 100 RPM. The solvent recovery 
system was continuously fed until all 
material was transferred and the essential 
oil of cannabis was the consistency of 
maple syrup.

For supercritical carbon dioxide ex-
tracts, a 10 L rotary evaporator was used 
and the conditions were 55 oC, 0.15 Bar, 
and 100 RPM. The solvent mixture was 
continuously fed into the system until all 
material was transferred and the essential 
oil was the consistency of maple syrup.

Purging
The purging process is unique to hydro-
carbon manufacturing and is the terminal 
process for creating raw materials that 
are used in hydrocarbon-extract product 
manufacturing. The purging process was 
executed in a radiant heat vacuum oven 
coupled with a scroll-pump and cold trap 

assembly. The extract was purged at 30 oC 
and 0.07 Bar in a thin layer for 22 h.

Decarboxylation
Decarboxylation of the refined carbon 
dioxide cannabis extract was conducted 
in a boiling flask and stirring-mantle 
assembly coupled with a vacuum pump 
and cold trap. The decarboxylation was 
conducted over 2 h at a temperature of 
165 oC and a vacuum level of 0.001 Bar 
with constant agitation.

Cannabinoid Distillation
Cannabinoid distillation was conducted 
in a wiped film system with a feed rate of 
250 g/h at 0.08 mBar; the cannabinoids 
were condensed at 98 oC, and the ter-
penes were condensed at -15 oC or -60 oC.

Overview of Material Flow 
and Testing Points by 
Manufacturing Line
Hydrocarbon:

• Material Flow – Batching (par-
ent material)  Extraction  
Winterization  Clarification  
Sterilizing filtration  Solvent 
recovery (essential oil)  Purg-
ing (purged essential oil)
 ɋ Testing Points – Parent ma-

terial, post solvent recovery 
(essential oil), post purging 
(purged essential oil)

Supercritical Carbon Dioxide:
• Material Flow – Grinding (parent 

material)  Extraction (raw ex-
tract)  Winterization  Clarifi-
cation  Sterilizing filtration  
Solvent recovery (essential oil) 
 Decarboxylation (decarboxy-
lated oil)  Distillation  
(distillate oil)
 ɋ Testing Points – Parent mate-

rial, post extraction (raw ex-
tract), post solvent recovery 
(essential oil), post decar-
boxylation (decarboxylated 
oil), post cannabinoid distil-
lation (distillate oil)

Analytical Testing  
of Extracted Materials
All testing of samples for cannabinoid po-
tency (%), terpene content (%), microbial 
contaminants (cfu/g), and mycotoxins 
(μg/g) was undertaken by Steep Hill Penn-
sylvania, an International Organization for 
Standardization (ISO) and International 
Electrotechnical Commission (IEC) 
certified laboratory that is approved by 
the Commonwealth of Pennsylvania for 
testing of medical marijuana products.

The samples were homogenized and 
subdivided into the required weight for 
each analytical test. Each test was com-
pleted in replicates of five. Test por-
tions were extracted with an organic sol-
vent and prepared for analysis following 
Steep Hill PA’s standardized operating 
procedures. Cannabinoid analysis was 
conducted using high performance liq-
uid chromatography (HPLC). Limits of 
quantitation for the cannabinoids CBD, 
cannabidiolic acid (CBDA), cannabinol 
(CBN), D9 THC, tetrahydrocannabinolic 
acid (D9 THCA), cannabidivarin (CBDV), 
tetrahydrocannabivarin (THCV), can-
nabigerol (CBG), cannabigerolic acid 
(CBGA), delta-8-tetrahydrocannabinol 
(D8 THC), and cannabichromene (CBC) 
were 0.52, 0.42, 0.28, 0.41, 0.41, 0.39, 
0.39, 0.51, 0.50, 0.78, and 0.47 μg/g, re-
spectively. Terpene analyses were con-
ducted using gas chromatography–mass 
spectrometry (GC–MS) and the limit of 
quantitation varied between 0.055 and 
0.072 μg/g depending on the identity of 
the analyte. Mycotoxin analyses were 
conducted using liquid chromatography–
mass spectrometry (LC–MS); the limit 
of quantitation for Aflatoxin B1, Aflatox-
in G1, Ochratoxin A, Aflatoxin B2, and 
Aflatoxin G2 were 1.44, 0.56, 1.44, 1.34, 
and 1.28 μg/g. Microbial testing was con-
ducted using ready-to-use plates provid-
ed by 3M and BioRad. Third-party vali-
dations confirm that these platforms are 
reliable and derived data are repeatable. 
The manufacturers’ standard operat-
ing procedures (SOPs) for sample prepa-
ration and analysis were followed. The 
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following ready-to-use agar products 
were used in this study:

• 3M Petrifilm Rapid Yeast & Mold 
Count Plates - 3M ID: 7100039447

• 3M Petrifilm Aerobic Count 
Plates - 3M ID: 7100039310

• 3M Petrifilm Enterobacteriaceae 
Count Plates - 3M ID: 7100126818

• 3M Petrifilm E. coli/Coliform 
Count Plates - 3M ID: 7100126767

• BIO RAD - RAPID’Salmonella Agar 
Plates – BIO RAD ID: 3563961

Data Treatment  
and Statistical Design
Two data matrices were assembled 
from available data; the hydrocarbon 
and carbon dioxide matrices were 15x18 
and 70x18, respectively. Independent 
variables in each matrix included the oil 
identification, replicate, and process-in-
put material mass. Response variables in-
cluded output mass and the cannabinoids 
CBD, CBDA, CBN, D9 THC, D9 THCA, 
CBDV, THCV, CBG, CBGA, D8 THC, and 
CBC; additionally, response variables 
included total yeast and molds, total 
aerobic bacteria, total enterobacteria, 
E. coli, and Salmonella spp. The variable 
“total mycotoxins” was calculated from 
individual values of the aflatoxins B1, B2, 
G1, G2 and Ochratoxin A.

Prior to conducting any calculations 
or analyses, all cannabinoid potency re-
sults were mathematically converted to 
account for the decarboxylation of acid 
form cannabinoids. This was done by 
multiplying the acid form percentage of a 

given cannabinoid by the decarboxylation 
coefficient (0.87) then adding that to the 
percentage of the same neutral form can-
nabinoid. Statistical analysis of each data 
set was undertaken using Repeated Meas-
ures Analysis and Tukey's honestly signif-
icant difference (HSD) post-hoc analysis 
to evaluate the influence of each manu-
facturing step in removing microbial con-
taminants.  All analyses were executed in 
R (https://www.r-project.org/). 

Results
The parent material contained 17.27% 
total cannabinoids (that is, D9 THCA = 
12.70% and D9 THC = 3.94%) and 1.28% 
total terpenes. Microbial tests indicated 
that the plant material was contaminated 
with 28,000 cfu/g total aerobic bacteria, 
17,975 cfu/g enterobacteriaceae, and “too nu-
merous to count” cfu/g total yeast and mold. 
Where “too numerous to count” were found 
for a specific group of microbial contami-
nants, a value of 1 x 106 cfu/g was tabulated in 
the data matrix for statistical purposes. No 
E. coli, Salmonella spp. or mycotoxins were 
detected in the parent material.

The most important finding of this 
study was that both hydrocarbon and su-
percritical carbon dioxide extraction of 
contaminated plant material resulted in 
manufactured raw materials that were 
free of viable microbial contaminants 
that were evaluated during this study. No 
statistical analyses were possible because 
there was no variance in the dataset fol-
lowing the extraction step; in short, all 
tested microbial contaminants were not 

detected after the parent plant material 
was processed via solvent extraction.

Hydrocarbon Manufacturing
The essential oil manufacturing process, 
which included extraction, winterization, 
clarification, sterilizing filtration, and 
solvent recovery, extracted 1185.2 g of 
cannabinoids from the parent material 
that contained 1670.2 g of cannabinoids. 
The essential oil was free of all tested 
microbial contamination and mycotoxins 
following those manufacturing steps (see 
Figures 1–3 and Table I).

The purged oil was also found to be 
free of all tested microbial contaminants 
and mycotoxins (see Figures 1-3 and Ta-
ble I); the transition of material from 
the essential oil phase to this phase was 
93.9% efficient where 1112.3 g of cannabi-
noids were recovered during the purging 
process from the essential oil that con-
tained 1185.2 g of cannabinoids.

Supercritical Carbon Dioxide
Five extractions, each with 2 fractions, were 
84.6% efficient where 1730.8 g were extract-
ed from the plant material that contained 
2046.3 g of cannabinoids. Additionally, raw 
extracts from the supercritical carbon diox-
ide process were free of all tested microbial 
contaminants and fungal metabolites (see 
Figures 4-6 and Table II).

Following winterization, clarification, 
sterilizing filtration, and solvent recov-
ery, the essential oil was found to be free 
of all tested microbial contaminants and 
mycotoxins (see Figures 4-6 and Table 

Stage Strain THC (%)* CBD (%)* TTl Can (%) TTl Terp (%) TYM cfu/g TAB cfu/g ENT cfu/g E. coli cfu/g Salmonella spp. cfu/g
Parent Material Triangle Kush X Fruity Pebbles 14.98 0.00 17.27 1.28 TNTC 28000 17975 0 0

Extraction THC (%)* CBD (%)* TTl Can (%) TTl Terp (%) TYM cfu/g TAB cfu/g ENT cfu/g E. coli cfu/g Salmonella spp. cfu/g
HE0088-1 66.92 0 76.70 6.46 0 0 0 0 0
HE0088-2 66.55 0 76.37 6.83 0 0 0 0 0
HE0088-3 67.21 0 77.00 7.00 0 0 0 0 0
HE0088-4 66.89 0 76.82 6.93 0 0 0 0 0
HE0088-5 67.31 0 77.08 7.06 0 0 0 0 0

Essential Oil THC (%)* CBD (%)* TTl Can (%) TTl Terp (%) TYM cfu/g TAB cfu/g ENT cfu/g E. coli cfu/g Salmonella spp. cfu/g
SH0069-1 71.43 0 81.80 6.40 0 0 0 0 0
SH0069-2 70.92 0 81.16 6.39 0 0 0 0 0
SH0069-3 72.18 0 82.81 6.31 0 0 0 0 0
SH0069-4 71.82 0 82.22 6.25 0 0 0 0 0
SH0069-5 71.47 0 81.97 6.51 0 0 0 0 0

HHyyddrrooccaarrbboonn  PPaatthhwwaayy  SStteerriilliizzaattiioonn  DDaattaa

Triangle Kush X Fruity Pebbles

Triangle Kush X Fruity Pebbles

**iinnddiiccaatteess  ppeerrcceennttaaggeess  ccaallccuullaatteedd  ffrroomm  tthhee  ccoonnvveerrssiioonn  ooff  tthhee  aacciidd--ffoorrmm  ppeerrcceennttaaggeess  pplluuss  tthhee  ppeerrcceennttaaggee  ooff  tthhee  nneeuuttrraall  ffoorrmm..
CCoonnvveerrtteedd  %%  ==  ((00..8877**AAcciidd  FFoorrmm  %%))++  NNeeuuttrraall  FFoorrmm  %%

Table I: Data overview of results from microbial deactivation or removal efficacy tests of the hydrocarbon extraction pathway

https://www.r-project.org/
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II).  Overall, those processes were 78.8% 
efficient for cannabinoid retention where 
1363 g of 1730.8 g of cannabinoids were re-
tained through the four steps.

The decarboxylation step was found to 
be 97.2% efficient for cannabinoid reten-
tion and 1325.4 g of 1363 g of cannabinoids 
were recovered during the process. Addi-
tionally, the decarboxylated oil was found 
to be free of all tested microbial contami-
nants and fungal metabolites (see Figures 
4-6 and Table II).

The cannabinoid distillation step was 
found to be 96.0% efficient; present in the 
decarboxylated oil was 1325.4 g of can-
nabinoids and the distillate oil contained 
1272 g of cannabinoids. Finally, the dis-
tillate oil was free of all tested microbi-
al contaminants and mycotoxins (see Fig-
ures 4-6 and Table II).

Discussion
Overall, our results suggest that the tested 
microbial contaminants are not transferred 
from feed material to the raw materials 
produced during extraction and refinement 
and that those raw materials are suitable 
for use in product manufacturing.

Sterilizing of products during the 
manufacturing process or prior to dis-
tribution is not uncommon in the food, 
pharmaceutical, and medical device in-
dustries. The US FDA has reviewed a vari-
ety of sterilization methods for use in the 
biomedical and food industries such as ir-
radiation, gas sterilization, steam or dry 
heat sterilization, sterilizing filtration, 
and liquid dips (4,5). Furthermore, the US 
FDA presented a challenge in 2019 to en-
courage companies to develop a new ster-
ilization technique or set of techniques 
capable of replacing ethylene oxide in the 
food and medical device manufactur-
ing industries because of its flammability 
and potential carcinogenicity (5-7). One 
promising technique for product sterili-
zation is the application of supercritical 
carbon dioxide including additives such 
as water (8,9), hydrogen peroxide (10,11), 
peracetic acid (4,12), and ethanol (13). Ad-
ditionally, supercritical carbon dioxide 

*106 CFU/g used to indicate TNTC

Figure 4: Total yeast and mold (TYM) by manufacturing stage in the super-
critical carbon dioxide extract manufacturing process (N=5).
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Figure 5: Total aerobic bacteria (TAB) by manufacturing stage in the super-
critical carbon dioxide extract manufacturing process (N=5).
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Figure 6: Enterobacteriaceae (ENT) by manufacturing stage in the supercriti-
cal carbon dioxide extract manufacturing process (N=5).
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without additives has been shown to re-
move notable organisms such as Salmo-
nella typhimurium (14), Escherichia coli 
(15,16), Listeria monocytogenes (17), Penicil-
lium spp. (8), and Aspergillus spp. (18).

Hydrocarbon extraction utilizes a hy-
drocarbon solvent and submicron filtra-
tion (such as, sieve <0.2 μm) in the man-
ufacturing process to produce products 
such as sugars, diamonds, liquid live res-
ins, and diamond sauces. The results of 
our experiment utilizing contaminated 
plant material suggested that the tech-
niques and infrastructure used here can 
create raw materials free of viable micro-
bial contaminants and fungal metabolites 
that were tested here (no data shown for 
mycotoxins; 0 ppb at all stages for both 
technologies). Therefore, we assert that 
the hydrocarbon extraction, processing 
techniques, and infrastructure utilized 
in this study are suitable for creating raw 
material from contaminated feed materi-
al that meet or exceed current PA Depart-
ment of Health regulations for extracted 
materials (1).

Supercritical carbon dioxide manufac-
turing also takes advantage of numerous 

aseptic processing technologies. At the 
extraction stage, supercritical carbon di-
oxide was utilized without the introduc-
tion of additives. It is unclear whether mi-
crobial deactivation or removal was due 
to supercritical carbon dioxide alone be-
cause there are a variety of materials in-
teracting in the supercritical carbon diox-
ide during extraction (for example, water, 
cannabinoids, terpenes, and so on). How-
ever, it is apparent that the tested micro-
bial contaminants were removed or de-
activated during the first stage of our 
supercritical carbon dioxide manufactur-
ing process. Furthermore, after the ex-
traction process the extract was winter-
ized, clarified, and filtered through a <0.2 
μm sieve prior to solvent recovery; our 
results suggest that microbial deactiva-
tion or removal was maintained through 
those steps. Subsequent supercritical car-
bon dioxide manufacturing processes lev-
erage heat to decarboxylate the acid-form 
cannabinoids and distill the neutral-form 
cannabinoids. Both of those processes 
were executed at temperatures greater 
than 100 oC for extended periods of time; 
our results suggest that, at both of those 

stages, microbial deactivation or removal 
is maintained and that those products are 
free of fungal metabolites. Therefore, we 
assert that the infrastructure and tech-
niques leveraged during this study can 
produce raw materials that meet or ex-
ceed PA Department of Health’s current 
regulations (1).

Conclusions
This study, which evaluated the potential 
of a well-designed unidirectional aseptic 
processing approach to both hydrocarbon 
and supercritical carbon dioxide extract 
manufacturing, suggests that the extraction 
process is capable of deactivating or 
removing the tested microbial contami-
nants when highly contaminated Cannabis 
spp. inflorescence is used as feed material. 
Finally, the absence of viable microbial con-
tamination tested herein was maintained 
throughout all raw material manufacturing 
steps in both the hydrocarbon and super-
critical carbon dioxide schemes.
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Stage Strain THC (%)* CBD (%)* TTl Can (%) TTl Terp (%) TYM cfu/g TAB cfu/g ENT cfu/g E. coli cfu/g Salmonella spp. cfu/g 
Parent Material Triangle Kush X Fruity Pebbles 14.98 0.00 17.27 1.28 TNTC 28000 17975 0 0

Extraction THC (%)* CBD (%)* TTl Can (%) TTl Terp (%) TYM cfu/g TAB cfu/g ENT cfu/g E. coli cfu/g Salmonella spp. cfu/g 
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Essential Oil THC (%)* CBD (%)* TTl Can (%) TTl Terp (%) TYM cfu/g TAB cfu/g ENT cfu/g E. coli cfu/g Salmonella spp. cfu/g 
C0128-1 68.20 0 76.79 1.34 0 0 0 0 0
C0128-2 68.19 0 76.98 1.45 0 0 0 0 0
C0128-3 68.50 0 77.35 1.51 0 0 0 0 0
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CCoonnvveerrtteedd  %%  ==  ((00..8877**AAcciidd  FFoorrmm  %%))++  NNeeuuttrraall  FFoorrmm  %%
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Triangle Kush X Fruity Pebbles

Triangle Kush X Fruity Pebbles

Triangle Kush X Fruity Pebbles

Triangle Kush X Fruity Pebbles

Table II: Data overview of results from microbial deactivation or removal efficacy tests of the supercritical carbon 
dioxide extraction pathway
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The current challenges facing cannabis compliance 
testing in California

CST: What are the biggest challenges facing cannabis compliance testing in 
California currently?
FLOYD: The biggest challenge, overwhelmingly, in California and in the industry 
overall that’s popped up over the last few years is nefarious labs pumping potency 
numbers and passing through dirty products. In California, cultivators can get a 
higher dollar value for cannabis flour that’s tested with a higher THC percentage. This 
leads to, unfortunately, a lot of lab shopping. If a lab is willing to magically turn a 20% 
flour into a 30% flour, there’s going to be a tremendous number of cultivators that 
gravitate toward that lab. From my perspective, one of the biggest issues is the lack of 
enforcement. Several lawsuits have been filed in other states from manufacturers to 
labs. Unfortunately, this may have to start occurring in California before this issue  
gets resolved.

CST: What are common difficulties in commercial compliance testing for microbes?
FLOYD: For microbes, one of the biggest challenges is turnaround time—a significant 
metric for a lab customer. Labs are judged by their turnaround time, potency values, 
and price. California is a non-detect state, so there are requirements for the limits of 
detection and limits of quantification, but there are no action limits around microbes 
as there are in other states. One of the problems is that micro platforms that are less 
sensitive than others and not as good at detecting microbes are advantageous for 
some of these labs to use. Failing customers from a compliance perspective is not a 
good business practice. The reality is that, oftentimes, those customers will leave and 
go to another lab. I’ve run several commercial cannabis labs—I was never going to 
pass a dirty product, but some labs will. Micro is one of the more variable platforms  
in California.

CST: How is the general state of compliance testing in California?
FLOYD: It’s moving in the right direction. The Department of Cannabis Control (DCC), 
which oversees all cannabis operations in California, has increased its awareness and 
enforcement, but there is still a lot of room to go. I spent the first eight years of my 
career in the fertilizer industry, and when you produce products that have specific label 

Microbial Analysis of Cannabis  
in the State of California

Adam Floyd
CEO
The Soil Labs 

claims, state auditors sample products off the shelf to see if you 
are within 10% of your label claim. If not, they issue a stop sale. In 
fact, it happened to one of the companies I worked for—we were 
losing $150,000 a month from one product being stop-saled in 
Oregon. You could imagine if they instituted a similar process for 
monitoring and blind sampling products that sit on dispensary 
shelves—it could resolve some of these lab-shopping issues and 
bring labs in line because the reality is that you have a competitive 
disadvantage if you play completely by the rules. I hope that 
this will get rectified in the next few years, and there won’t be an 
ability to manipulate data.

CST: What do you see as the future for compliance testing  
in California?
FLOYD: There will be some consolidation. There were 38 active lab 
licenses last year—a number of those have dropped. I also hope 
there will be a greater level of enforcement of the regulations. Now, 
the DCC is working to institute a universal cannabinoid testing 
method, but there needs to be a big step up in enforcement. 

I hope that those labs that are left will be closely monitored by 
the state. People will have to think outside the box to generate 
competitive advantages over other labs rather than potency-
pumping and pushing dirty products through. My hope is the future 
for compliance testing in California is bright.

Founded in 1980 by medical technician Jay Hardy, Hardy Diagnostics is the third largest culture media manufacturer in the United States, supporting the 
microbiology needs of clinical, pharmaceutical, cosmetics and personal care, and the food, beverage and cannabis industries. Hardy Diagnostics is an FDA-licensed 
manufacturer of medical devices for microbiological testing with an ISO 13485 certified Quality Management System. Hardy Diagnostics distributes more than 13,000 
products, offers services to more than 10,000 companies and exports products to over 80 foreign distributors and maintains nine distribution centers nationwide. 
Hardy Diagnostics’ mission is to produce and distribute the finest products for the detection of microorganisms and partner with its laboratory customers to diagnose 
and prevent disease. 

https://hardydiagnostics.com/
https://www.cannabissciencetech.com/
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sensitive than others and not as good at detecting microbes are advantageous for 
some of these labs to use. Failing customers from a compliance perspective is not a 
good business practice. The reality is that, oftentimes, those customers will leave and 
go to another lab. I’ve run several commercial cannabis labs—I was never going to 
pass a dirty product, but some labs will. Micro is one of the more variable platforms  
in California.

CST: How is the general state of compliance testing in California?
FLOYD: It’s moving in the right direction. The Department of Cannabis Control (DCC), 
which oversees all cannabis operations in California, has increased its awareness and 
enforcement, but there is still a lot of room to go. I spent the first eight years of my 
career in the fertilizer industry, and when you produce products that have specific label 
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claims, state auditors sample products off the shelf to see if you 
are within 10% of your label claim. If not, they issue a stop sale. In 
fact, it happened to one of the companies I worked for—we were 
losing $150,000 a month from one product being stop-saled in 
Oregon. You could imagine if they instituted a similar process for 
monitoring and blind sampling products that sit on dispensary 
shelves—it could resolve some of these lab-shopping issues and 
bring labs in line because the reality is that you have a competitive 
disadvantage if you play completely by the rules. I hope that 
this will get rectified in the next few years, and there won’t be an 
ability to manipulate data.

CST: What do you see as the future for compliance testing  
in California?
FLOYD: There will be some consolidation. There were 38 active lab 
licenses last year—a number of those have dropped. I also hope 
there will be a greater level of enforcement of the regulations. Now, 
the DCC is working to institute a universal cannabinoid testing 
method, but there needs to be a big step up in enforcement. 

I hope that those labs that are left will be closely monitored by 
the state. People will have to think outside the box to generate 
competitive advantages over other labs rather than potency-
pumping and pushing dirty products through. My hope is the future 
for compliance testing in California is bright.

Founded in 1980 by medical technician Jay Hardy, Hardy Diagnostics is the third largest culture media manufacturer in the United States, supporting the 
microbiology needs of clinical, pharmaceutical, cosmetics and personal care, and the food, beverage and cannabis industries. Hardy Diagnostics is an FDA-licensed 
manufacturer of medical devices for microbiological testing with an ISO 13485 certified Quality Management System. Hardy Diagnostics distributes more than 13,000 
products, offers services to more than 10,000 companies and exports products to over 80 foreign distributors and maintains nine distribution centers nationwide. 
Hardy Diagnostics’ mission is to produce and distribute the finest products for the detection of microorganisms and partner with its laboratory customers to diagnose 
and prevent disease. 
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SERVICES OFFERED
• Cannabis  and Hemp Proficiency Testing  Programs:

Food Microbiology, Food Chemistry, Pesticides 
in Food, Vitamins and Nutrients in Infant For-
mula, and Environmental Swabs - Proficiency 
Testing Programs

PRODUCTS
• CH01: (Hemp) Cannabinoids, Terpenes, Moisture, 
Heavy Metals, Pesticide Residues, Mycotoxins

• CH02: (Hemp) Cannabinoids, Terpenes, Mois-
ture, Heavy Metals

• CH03: (Hemp) Pesticide Residues, Mycotoxins
• CH04: (Cannabis) Cannabinoids, Terpenes, 

Moisture, Heavy Metals Pesticide Residues, 
Mycotoxins

• CH05: (Cannabis) Cannabinoids, Terpenes, 
Moisture, Heavy Metals

• CH06: (Cannabis) Pesticide Residues, Mycotoxins

Other PT Programs
• M01, M08, M09: Standard Microbiology
• M02: Pathogen free Microbiology
• M03, M04, M05, M10, M12: Meat Microbiology
• E01: Salmonella in Liquid Egg
• LS01: Listeria Swab
• C01: Meat Chemistry and C02: Cheese Chemistry

• P01: Pesticides
• IF01: Vitamins and Nutrients in Infant Formula

STATES SERVED
All 50, plus Canada 

AOAC INTERNATIONAL
COMPANY DESCRIPTION
AOAC INTERNATIONAL is a globally recognized, 501(c)(3), independent, third party, not-for-profit association and voluntary 
consensus standards developing organization founded in 1884. The AOAC O�cial Methods of Analysis database is used by 
food scientists around the world to facilitate public health and safety and to promote trade. AOAC’s Laboratory Proficiency 
Testing Program (LPTP) helps labs compete in the global marketplace by demonstrating and certifying they meet the highest 
international standards for accuracy, reliability, and compliance..

AOAC 
INTERNATIONAL

2275 Research Blvd, Suite
300 Rockville, MD, 20850
USA

email:
Cannabis_PT@aoac.org

key personnel:
Shane Flynn, Senior Director, 
Proficiency Testing
Chad Stephan, Manager, 
Proficiency Testing

www.aoac.org

OTHER SERVICESANALYTICAL 
INSTRUMENTS

ANALYTICAL 
TESTING LAB CONSULTING EXTRACTION
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PRODUCT & SERVICE PORTFOLIO
Quality assurance testing supplies
• Chromatography equipment
• Certified reference materials
• Proficiency tests
• Microbiological supplies
• Solvents & reagents
• Glassware

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

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

Industrial Health & Safety Supplies

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

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

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

STATES SERVED
US, Canada, International

Emerald Scientific
The single source for all your product, service, & PT needs

COMPANY DESCRIPTION
Emerald Scientific is the procurement expert for sourcing the highest quality equipment, supplies, and chemicals specifically 
to meet the ever-changing needs of our customers. Our unique single-source model provides our customers with cost 
savings, superior customer service support, unmatched industry technical expertise, a streamlined order process, and overall 
increased productivity.

EMERALD 
SCIENTIFIC

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

telephone:
(877) 567-3598

email:
info@emeraldscientific.com

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

www.EmeraldScientific.com

ANALYTICAL 
INSTRUMENTS

ANALYTICAL 
TESTING LAB EXTRACTION MANUFACTURING 

& PROCESSING CONSULTINGCULTIVATION/
GROWING

OTHER
SERVICES
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ANALYTICAL 
INSTRUMENTS

ANALYTICAL 
TESTING LAB EXTRACTION MANUFACTURING & 

PROCESSING
OTHER

SERVICES

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

MAJOR PRODUCTS
• Pulverisette 19 Precision Cutting Mill
• Pulverisette 11 Knife Mill with cryo-options
• Pulverisette 14 Rotor Mill
• ANALYSETTE 22 NeXT  Laser Particle Sizer 

– Static Light Scattering
• ANALYSETTE 28  ImageSizer -  Dynamic 

Image Analysis

STATES SERVED
Nationwide  

Fritsch Milling & Sizing, Inc.
COMPANY DESCRIPTION
Since 1920, Fritsch has engineered and manufactured a wide range of milling and grinding systems for agricultural, food, and 
pharmaceutical applications. For the analytical testing laboratory, Fritsch o©ers several cryogenic milling options like the 
PULVERISETTE 11 Knife Mill for individual flower or edible samples. The PULVERISETTE 19 Precision Cutting Mill System sets a 
standard with controllable particle size output, reproducible performance regardless of user, throughput of 1-8+ lb/min avg., 
heat mitigation, dust-free, easy cleaning design. Scientific studies demonstrated no loss of cannabinoids or terpenes. Oil 
extractions and preparation of pre-rolls or other ingredients can be optimized. For high-throughput the VHF hopper feeder 
system can be added to the P19.

FRITSCH MILLING & 
SIZING, INC.

57 Grant Drive Suite G
Pittsboro, NC 27312
USA

telephone:
919-229-0599   

email:
info@fritsch-us.com

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

www.notthesamedailygrind.com

locations of other offices 
and facilities:
 USA headquarters and applications 
laboratory in North Carolina. Global 
headquarters in Germany. Additional 
company o�ces in China, Asia Pacific, 
Russia, and France.
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SERVICES
Natoli serves the pharmaceutical, nutraceu-
tical, cannabis, veterinary, confectionary, 
and industrial tableting and encapsulation 
markets around the world.

PRODUCTS
• Tablet Compression Tooling
Natoli manufactures carbide-tip, multi-tip, sin-
gle-tip, 3D exotic shape, rotating heads/tips, 
and extended head flat punches, plus lined 
dies, tool coatings, and IMA Comprima tooling.

• Tablet Presses
Natoli o©ers a diverse line of best-in class 
tablet press options, from single station 
R&D laboratory models to robust large-
scale manufacturing rotary presses.

• Control System and Data Acquisition 
Analytical So�tware
Natoli AIMTM Control System So¬tware is engi-
neered for R&D and production tablet press-
es operation e�ciency.  Natoli AIMTM Pro is 
our industry-leading data acquisition analyt-
ical so¬tware, excellent for R&D equipment. 

• Premium Replacement Parts
Natoli maintains an extensive inventory 
of replacement parts for tablet press and 
encapsulation machines for use with most 
major brands. 

• Premium Encapsulation Machine Change 
and Spare Parts
Natoli o©ers premium spare parts, change 
parts, and change kits for most major brands. 

• Tablet Compression Accessories
Natoli o©ers the most comprehensive ac-
cessories catalog in the industry, featuring 
items to help maintain, analyze, and pro-
long the life of tooling and equipment. 

• Tablet and Tooling Design
Natoli o©ers TabletCAD, a FREE web-based tab-
let design program, which provides a simple 
way to create tablets to exact specifications, 
with a direct link to the manufacturing process. 

• Natoli Scientific
Natoli Scientific advanced laboratories and 
team of highly qualified pharmaceutical scien-
tist provide formulation evaluations, training, 
contract research, and consulting services. 

STATES SERVED
We are a Global Sales & Distribution Company.

Natoli Engineering Company, Inc.
COMPANY DESCRIPTION
Natoli Engineering is the global leader in tablet compression tooling manufacturing. For the last half a century Natoli has 
been a fully encompassing solutions provider in the oral solid dose industry helping clients establish processes to achieve 
the perfect tablets and capsules. Founded on the uncompromising principle of providing the highest quality products 
allows Natoli to deliver world class tablet compression tooling, best-in-class presses, encapsulation machines, and 
replacement parts with exceptional global support. Natoli’s continued innovation and industry leadership, state-of-the-
art manufacturing facilities, award-winning engineering team gives Natoli the capabilities to meet any industry demand.

NATOLI ENGINEERING 
COMPANY, INC.

28 Research Park Circle
St. Charles, MO 63304 USA

telephone: (636) 926-89005
fax: (636) 926-8910

email:
info@natoli.com

locations of other
offices and facilities:
Headquartered in St. Charles, 
MO, Natoli Engineering locations 
establish a global presence to help 
connect clients to Natoli.

Natoli Scientific: Telford, PA.

Natoli Technical Centers o�er 
regional customer support with parts, 
accessories, tooling refurbishing, 
maintenance, and training.
Long Island, NY | Southern 
California | Szczecin, Poland

key personnel:
Dale Natoli, President and CEO 
Vince Natoli, Vice President, 
Manufacturing
Brian Curran, Vice President, 
Administration

www.natoli.com

ANALYTICAL INSTRUMENTS ANALYTICAL TESTING LAB CONSULTING OTHER SERVICES



CALL FOR PAPERS
Cannabis Science and Technology®

2023 Issues

Cannabis Science and Technology® magazine is seeking contributed manuscripts
for the upcoming 2023 issues.

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

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

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

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

Deadlines
Submission deadlines for the April 2023 issue are:
Abstracts:                            February 1, 2023  
Completed manuscripts:    March 1, 2023

Submission deadlines for the May 2023 issue are:
Abstracts:                            March 7, 2023
Completed manuscripts:     April 3, 2023

Where to submit
Send all proposals and completed articles to Group Editorial Director Meg L’Heureux, at mlheureux@mjhlifesciences.com
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PRODUCTS 
• SCION 8500 GC and 8300 GC o©er versatility 

and superior performance for any application. 
• SCION 8700 SQ and 8900 TQ are designed for 

today’s fast-paced labs. Both have a small 
footprint without compromising on quality.

• SCION LC6000 provides confidence in results 
through outstanding lifetime performance 
and superior gradient precision.

• SCION's Versa and HT3 provide static and dy-
namic headspace solutions for any laboratory.

• SCION 8400Pro and 8410Pro o©er dual injec-
tor access with one autosampler.

• CompassCDS is our industry-proven and 
user-friendly chromatography data so¬tware.

• We o©er a wide range of Precisa balances 
from semi-microbalances to industrial scales. 
Our industrial scales are perfect for manufac-
turing and packaging.

• The Froilabo product line o©ers all your tem-
perature control needs from ovens and incu-
bators to freezers -80 °C and -45 °C.

• Edinburgh Sensors o©ers near-analyzer qual-
ity continuous sampling, measurement, and 
display of carbon dioxide which is needed for 
the controlled growing environment.

• Preventative maintenance and instrument repair

STATES SERVED
Global

Techcomp Instruments
COMPANY DESCRIPTION
Founded in 1988, Techcomp Instruments Ltd is a laboratory instrumentation group. Techcomp engages in development, 
manufacturing, and distribution of scientific instrumental products globally. We specialize in three core technologies: 
molecular spectroscopy, chromatography, and general laboratory instrumentation.  Techcomp brands comprise SCION 
Instruments, Edinburgh Instruments, Isotopx, Froilabo, Precisa, Edinburgh Sensors, and Dynamica.

TECHCOMP 
INSTRUMENTS

11840 West Market Place, Suite K, 
Fulton, MD 20759 USA 

telephone:
1-844-547-0022

email:
Sales-USA
@scioninstruments.com

locations of other offices 
and facilities:
Techcomp prides itself on global 
sales and service infrastructure 
with the US o�ce located in 
Fulton, MD. Our instruments and 
lab products are manufactured at 
our world-class production sites 
in the UK, Netherlands, France, 
and Switzerland.

www.techcomp-instruments.com

ANALYTICAL 
INSTRUMENTS

MANUFACTURING & 
PROCESSING

CULTIVATION/
GROWING

PACKAGING 
& SUPPLIES

ANALYTICAL 
TESTING LAB
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MANUFACTURING & PROCESSING

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

MAJOR PRODUCTS
• Laboratory High Shear Mixers — 

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

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

• Double Planetary Mixers — mix 
high-viscosity formulations e©ort-
lessly.

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

STATES SERVED
Worldwide

CHARLES ROSS 
& SON COMPANY 
(ROSS MIXERS)

710 Old Willets Path
Hauppauge, NY 11788
USA

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

email:
mail@mixers.com

key personnel:
Ken Langhorn, VP Sales

www.mixers.com
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SERVICES
The cannabis industry is growing—so is the 
need for quality assurance and safety stan-
dards. Our comprehensive approach to stan-
dards development allows businesses to im-
prove quality control while also enhancing 
safety. With services ranging from training with 
cannabis experts to proficiency testing and 
certification for labs and facilities, our holistic 
outlook provides confidence and credibility for 
industry stakeholders. ASTM International Com-
mittee D37 on Cannabis includes 1,200+ mem-
bers from 30 countries—experts from all parts 
of the industry. Join us and learn more about 
our 40+ cannabis standards, the 100+ standards 
in development, and how you can contribute.

MAJOR PRODUCTS
• Cannabis Standards – 40+ standards for canna-
bis and hemp including indoor and outdoor ag-
riculture, processing and handing, security and 
transportation, quality management, and more

• Hemp Flower Proficiency Testing Program - 
Each lab receives a 2 g packet of whole hemp 
flower sample for Water Activity plus 25 g of 
ground hemp flower for other tests.

• CANNQ/HEMPQ Certification Program - Im-
prove quality management and ensure your 
facilities adhere to safety regulations. For 
labs, this program can you demonstrate test 
method validation against globally recog-
nized standards and help prepare you for ISO 

17025 accreditation. Recognized by the Attor-
ney General Alliance in several states.

STATES SERVED
Nationwide and International

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

ASTM 
INTERNATIONAL

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

telephone: 1-877-909-2786
toll free: 1-877-909-2786
fax: +1-610-832-9555

email:
sales@astm.org

key personnel:
Jimmy Farrell, Manager, ASTM 
International Committee D37 
on Cannabis
John Gallagher, Director, Sales, 
ASTM International
Angelique Fontenot, Account 
Manager, ASTM International

locations of other
offices and facilities:
Washington, D.C., Latin America, 
Canada, Brussels, and China.

www.astmcannabis.org

CONSULTINGOTHER SERVICES
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SERVICES
We service a wide variety of businesses and in-
dustries that require labels on a roll to allow for 
machine or hand application. Hub Labels can 
help you with your end-to-end label applica-
tion, regardless of size or scale. 
• Sustainable Print Options 
• Authorized Epson retailer 
• Best in Class Customer Service 
• Variable data/CoA press capability 
• In-house Graphic Design Support (design + 

modification) 
• Location on I-81 x I-70 corridor for easy Ship to 

or Pick-up options

PRODUCTS
With our “start right-run right-finish right” ap-
proach we deliver the highest quality label 
through advanced so¬tware technologies, and 
UV presses using the highest quality materials 
to support the strength and sale of your brand 
to consumers.
• Prime labels for the retail market + industry use
• Direct Mail 
• Linerless labels
• Equipment sales
• On-demand printers
• Overprint Laminations
• Metallic Inks and materials
• Specialty embellishments: Embossing, Hot 

Stamp Foil, Cold Adhesive Foil, and Holo-
graphic designs 

STATES SERVED
Nationwide + Canada.

Hub Labels, Inc.
COMPANY DESCRIPTION
Rolling out dope labels since 1978, Hub Labels is a family owned-operated landfill-free company. We are fanatic manufacturers 
of pressure sensitive and linerless labels focusing on providing superior quality, service, and sustainable wizardry through 
our dank fleet of flexographic and digital presses. Hub is unmatched in the industry for image resolution, color, and on-time 
delivery. We are dedicated to staying abreast of the latest packaging trends and building long term relationships with our 
customers, vendors, and suppliers. At the heart of Hub is a kickass team of label gurus driven by five key principles: Safety, 
Sustainability, Innovation, Service and Community.

HUB LABELS, INC.

18223 Shawley Dr.
Hagerstown, MD 21740
USA

telephone: (301) 790-1660
toll free: (800) 433-4532
fax: 301-790-1795

email:
info@hublabels.com

key personnel:
Thomas Dahbura, President
Mark Heeley, Director of Sales 
+ Marketing
Kathy Reeder, MSc, Market 
Development Specialist

www.HubLabels.com

CONSULTINGPACKAGING & SUPPLIES MANUFACTURING & PROCESSINGMANUFACTURING & PROCESSING



Cannabis Science Conference 
is heading back to Portland!  

Analytical Science Cultivation ScienceMedical Science Psychedelics Science

April 19 – 21, 2023 
Portland Expo Center 
Portland, Oregon 

• Dedicated Program Chairs for analytical, 
medical, cultivation, and psychedelics 

• Educational Steering Committee 
• Extended technical poster sessions 

• Expanded Exhibit Hall 
• 420 Networking Mixer 
• Coffee Breaks in the Exhibit Hall        

New for 2023New for 2023

Make your plans today to attend and/or exhibit!  
Learn more at CannabisScienceConference.com

Connect with us 

@CannabisScienceConference @CannabisScienceConference @CannaSciCon @Cannabis Science Conference 

Join us for world-class 
education, stellar networking, 
and the opportunity to connect 
with thought leaders, leading 
scientists, pioneers in cutting-
edge medical applications and 
industry suppliers. 
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in a legal-for-trade se�ing. Class I, II, and III options 
available.    

Easily calibrate the TD-Series balances via the internal 
calibratioon mechanism.  At the press of a bu�on the 
balance automatically adjusts to fit current ambient 
conditions.  

Connect the TD-Series balance to a computer or printer 
via RS232 or USB connection for quick and easy 
recording of results.   

Unrivaled warranty! 
Part and Labor Included
Unrivaled warranty! 
Part and Labor Included SPS-1003T.N
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