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editorial advisory 
board members

Out with the Old and in with 
the New: The Cannabis Industry 

Continues to Grow in 2023
WITH 2022 a wrap, we’re ready for the possibilities of what 2023 
will bring. For instance, the US Food and Drug Administration (FDA) 
has reached the conclusion that a new regulatory pathway for 
cannabidiol (CBD) is needed that better balances individuals’ desire 
for access to CBD products with regulatory oversight to manage 
risks. This is a big step towards more regulation in the industry, 
which we will certainly be discussing in depth at our Cannabis 
Science Conference Spring show on April 19-21st in Portland, Oregon 
at the Portland Expo Center. We’ve done a lot of work to improve 
the conference for attendees and exhibitors this year, including 
dedicated times for single sessions such as keynote addresses, 
poster sessions, and networking. We’re also hosting a screening 
of the inspiring film Unprescribed directed by Steve Ellmore, a 20-
year Air Force veteran. This film documents the stories of veterans, 
cannabis advocacy, and the fight to end veteran suicide. It also 
highlights the negative effects of opioids, the rising numbers 
of veterans who are turning to cannabis as a safer alternative to 
pharmaceuticals, and how the stigma of cannabis needs to be 
eradicated. Be sure to join us in person and take advantage of 
our early bird discount offer for tickets, learn more and sign up at:  
www.cannabisscienceconference.com.

Our focus is not only on the conference, of course. Here in 
the latest issue of Cannabis Science and Technology, "Cannabis 
Analysis” columnist Brian C. Smith discusses chromatography and 
the mechanism via which molecules will “race” through the column 
at different speeds to affect a separation. In “Extraction Science,” 
Lo Friesen offers a 2022 extraction review and 2023 predictions 
for new technology within the extraction space. Patricia Atkins 
continues her discussion on energy and elements used in atomic 
spectroscopy in “Navigating the Lab” by looking at some of the 
most used analytical techniques in the elemental analytical 
laboratory: ICP-AES and ICP-MS. Finally, our featured article by 
Martha Hernández gets into the nitty gritty of the United States 
Department of Agriculture’s (USDA’s) hemp testing rules and what 
laboratories should know regarding hemp testing. 

Enjoy our January/February 2023 Cannabis Science and 
Technology issue!
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At the end of the last column 
(which you can find online at 
www.cannabissciencetech.com/
view/principles-of-chromatog-

raphy-part-i-theory), we had injected a 
sample at the head of a chromatogra-
phy column and were waiting to see what 
happened next. In this second install-
ment in our discussion on chromatog-
raphy theory, we discuss via the mech-
anisms of equilibrium, adsorption, and 
de-adsorption how molecules move 
through a chromatography column and 
how separations occur. A critical variable 
in determining the retention time of mol-
ecules is the fraction of time they spend 
adsorbed to the stationary phase. Simply 
put, if you can arrange your chromatog-
raphy experiment such that the analyte 
molecules spend different amounts of 
time adsorbed, a separation is possible.

How a Separation  
Occurs: Illustrated
For more background on the discus-
sion contained here, I refer you to the 
references (1,2) and my recent column 
on chromatographic theory (3). Using a 
horse race analogy to describe a chro-
matographic separation may seem silly, 
but in the end, it works well. At injection 
time all molecules are “in the starting 

gate” as illustrated in Figure 1 (note 
that I left the stationary phase out of the 
figures below for ease of viewing, but 
we will assume it is there and doing its 
job). The purple block at the head of the 
column in Figure 1 is our sample imme-
diately after injection. 

Imagine the sample contains tetrahy-
drocannabinol (THC) dissolved in eth-
anol, and that the mobile phase is com-
posed of water and acetonitrile. Thus, 
this example discusses liquid chroma-
tography (LC), but the principles devel-
oped here apply to both gas chromatog-
raphy (GC) and LC. Both LC and GC are 
capable of measuring cannabinoid con-
centrations in samples (4,5). The water–
acetonitrile mobile phase mimics the 
conditions of my favorite LC cannabis 
potency method (5).

Upon injection some of the THC mole-
cules will adsorb on the stationary phase, 
indicated in red in Figure 1, and some 
will stay dissolved in the mobile phase, 
indicated in blue in Figure 1. The purple 
rectangle at the head of the column rep-
resents what I call a slug of sample, but 
a scientifically better term is band. The 
band is purple because the red station-
ary phase molecules and the blue mo-
bile phase analyte molecules occupy the 
same length of column, and when you 

combine red and blue you get purple. Re-
call that the front edge of the band of 
sample is known as the solvent front (3).

Above the head of the column in Fig-
ure 1 you can see the designation in red 
of Cs, which denotes the concentration 
of analyte adsorbed on the stationary 
phase, and the height of the red rectan-
gle gives the size of Cs. The designation 
below the column in blue, Cm, is the 
concentration of analyte in the mobile 
phase. The height of the blue rectan-
gle below the column gives the magni-
tude of Cm. The red and blue lines to the 
right of the red and blue rectangles in 
Figure 1 show that there is no analyte in 
the portion of the column just beyond 
the solvent front.

Now, at this point in the injection we 
have some THC molecules adsorbed and 
some in solution, which occupy the same 
length of column. However, because of 
the dynamic nature of molecules this 
situation is not static, and at any giv-
en point in time some molecules are 
in the process of adsorbing on the sta-
tionary phase and others are de-adsorb-
ing and entering the mobile phase. The 
term “equilibrium” at the top of Figure 
1 means we are assuming that the rates 
of adsorption and de-adsorption are the 
same. We will also assume for the sake 

Chromatography Theory,  
Part II: How Separations Occur
Illustrated and Quantitated
By Brian C. Smith

Part II of this series will look at the mechanism via which molecules move through HPLC columns and lead us to a 
discussion of the equations used to characterize separations. 
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of simplicity that THC has an affinity for 
our stationary phase, and that at equi-
librium half the molecules are adsorbed 
on the stationary phase and half are dis-
solved in the mobile phase. This is why 
the red and blue rectangles in Figure 1 
are the same size. We will also assume 
that the ethanol molecules that the THC 
was dissolved in have no affinity for the 
stationary phase and spend all their time 
in the mobile phase. The arrow of time 
points to the right in Figure 1 denoting 
the direction of mobile phase flow.

Figure 2 illustrates the situation in 
our chromatography column, 10 s after 
injection. 

Note that Cs is the same as before 
because the molecules that were ad-
sorbed are still adsorbed and are indi-
cated by the pink band at the head of 
the column. The blue rectangle denot-
ing Cm has moved down the column be-
cause these molecules are dissolved in 
the mobile phase. As a result, Cm at the 
column head is now zero. In Figure 2 

we call this situation disequilibrium be-
cause the stationary phase and mobile 
phase analyte molecules are no longer 
in equilibrium because they are in dif-
ferent sections of the column and no 
longer in contact with each other.

Figure 3 represents the situation in-
side our chromatographic column 20 s 
after injection.

Note that the pink slug of analyte mol-
ecules that was at the head of the column 
in Figure 2 is now gone. These adsorbed 
molecules had fresh mobile phase above 
them containing no analyte molecules, 
and so given the opportunity de-ad-
sorbed and dissolved in the mobile phase. 
Therefore, Cm has gotten bigger to the left 
in the column compared to Figure 2.

On the other hand, the molecules that 
in Figure 2 were in the mobile phase now 
have a piece of column where no mole-
cules were adsorbed and have taken the 
opportunity to adsorb. This is why Cs is 
higher to the right in Figure 3 compared 
to Figure 2, and the net effect is that the 

adsorbed molecules have shifted to the 
right. Now molecules are adsorbing and 
de-adsorbing so the phrase “adsorption/
de-adsorption” appears in Figure 3.

Figure 4 illustrates the situation in 
our chromatography column 30 s after 
injection.

Cs is the same as in Figure 3 because 
the adsorbed molecules have stayed ad-
sorbed, hence the red rectangles in Fig-
ures 3 and 4 are in the same place. How-
ever, the molecules that were in the 
mobile phase in Figure 3 have moved to 
the right due to the flow of the mobile 
phase and are now above a section of 
column with adsorbed molecules. Hence 
the blue rectangle representing Cm has 
moved to the right in Figure 4 com-
pared to Figure 3. Now that we have mo-
bile phase containing analyte molecules 
above stationary phase with absorbed 
analyte molecules, equilibrium is re-es-
tablished, and we find ourselves in a sit-
uation similar to Figure 1, which is why 
our sample band is purple again. Howev-
er, compared to Figure 1 the net change 
is that our band of analyte molecules 
has moved to the right. Thus, figures 1 
through 4 illustrate the mechanism via 
which an analyte moves down a column.

Figure 5 shows the situation in our 
chromatography column after 40 s.

Now, we begin the whole process over 
again. Molecules in the mobile phase 
have moved to the right in the figure 
hence the blue rectangle representing Cm 
has moved compared to Figure 4, where-
as the adsorbed molecules have stayed 
put, giving the pink rectangle in the col-
umn in the figure and the fact that the 
red column representing Cs has not 
moved. Thus, in this fashion adsorbed 
and mobile phase molecules “leapfrog” 
each other down the column until they 
reach the end.

How a Separation  
Occurs: Quantitated
Our discussion so far explains how a 
band of analyte molecules moves down a 

cannabis analysis / analytical

Figure 1: The situation inside a chromatography column at the time of injection assuming 
a single analyte. Cs is the concentration of analyte adsorbed on the stationary phase 
denoted in red, and Cm is the concentration of analyte in the mobile phase denoted in blue. 
The arrow of time to the right indicates the direction of mobile phase flow.

Cs =

Cm =

t = 0s Equilibrium

Time

Figure 2: The situation inside our chromatography column 10 s after injection.

Cs =

Cm =

t = 10s Disquilibrium due  
to solvent flow

Time
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chromatography column, but how does 
chromatography achieve a separation 
when there are multiple analytes present? 

The total time it takes for any mol-
ecule to exit the column, the elution 
time, is the sum of the time it spends 
adsorbed on the stationary phase and 
the time it spends moving with the mo-
bile phase, as given by Equation 1:

te = tm + ts       [1]

where te is the elution time, tm is the time 
spent in mobile phase, and ts is the time 
spent in the stationary phase.

Remember that our sample is a mix-
ture of ethanol and THC, and we as-
sumed ethanol had no affinity for the 
stationary phase. This means for ethanol 
ts is zero, and it will move through the 
column at the flow rate (3) of the mobile 
phase. The time it takes a nonadsorb-
ing molecule to exit a column is t0 or the 
void time, and is given by the flow rate 
and void volume (the amount of space in 
the column not occupied by stationary 
phase), as seen in Equation 2:

t0 = V0/f       [2]

where t0 is the void time in minutes, V0 is 
the void volume in mL, and f is the flow 
rate in mL/min.

Assuming for our THC–ethanol sep-
aration the void volume is 2 mL, and 
the f low rate is 1 mL/min, the etha-
nol molecules will elute at (2 mL/1 mL/
min) or 2 min, which is t0 for this sep-
aration. Figure 6 shows a chromato-
gram with a peak with a to of 2 min 
that we will assume is from unab-
sorbed ethanol molecules.

Now, tm for all molecules is the same 
because when they are in the mobile 
phase they all flow at the same speed, 
the flow rate. What needs to vary then 
for molecules to elute from a column at 
different times is for them to have dif-
ferent values of time spent in the sta-
tionary phase, ts. To use our horse 
race analogy, imagine one horse runs a 
straight, unobstructed path to the fin-
ish line while another has fences, trees, 
and barriers to go over or around. Nat-
urally, the horse with the unobstruct-
ed path finishes first, or in our case the 
molecule that spends the least amount 
of time adsorbed on the stationary 
phase elutes first.

What determines ts? In a nutshell, 
the affinity of the molecule for the sta-
tionary phase. This then is the neces-
sary condition that needs to be met for 
a chromatographic separation to take 
place. A large part of the art and science 
of chromatographic method develop-
ment is making sure all the analytes in 
a mixture have different elution times. 
More on that later.

All this means there hopefully is a 
mathematical relationship between elu-
tion time, the quantity we care about in 
a separation, and ts. To derive this equa-
tion, we first note that the fraction of 
time analyte molecules spend in the mo-
bile phase and the fraction of time spent 
adsorbed on the stationary phase equals 
1 as follows:

Fm + Fs = 1     [3]

where Fm is the fraction of time spent 
in mobile phase and Fs is the fraction of 
time spent in the stationary phase.

Equation 3 is true because an ana-
lyte molecule can partition between two 
phases, stationary and mobile, so the to-
tal time spent in the column is the sum 
of the time spent in each phase, or 1 in 
this case.

The fractions of time spent mobile 
and stationary can be obtained from a 
chromatogram as follows:

Fm = t0/te      Fs = ts/te      [4]

where all these variables are defined 
above, and realizing that for a given sepa-
ration tm is t0.

If we take the relationship for Fm from 
Equations 4 and substitute it into Equa-
tion 3 we obtain

t0/te + Fs = 1      [5]

Rearranging Equation 5 to solve for te 
gives:

te = t0/(1-Fs)      [6]

Figure 3: The situation inside our chromatographic column 20 s after injection.

Cs =

Cm =

t = 20s Adsorption/Deadsorption

Time

Figure 4: The situation inside our chromatographic column 30 s after injection.

Cs =

Cm =

t = 0s Equilibrium Again

Time
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where te is the retention time, t0 is the 
void time in minutes, and Fs is the fraction 
of time spent in the stationary phase.

Note that the denominator in equa-
tion 6 contains the quantity (1-Fs). As 
the fraction of time an analyte spends 
stationary Fs goes up, (1-Fs) goes down 
and hence te goes up. This is the mathe-
matical relationship between Fs and re-
tention time we have been seeking. Giv-
en our example for THC, Fs is 0.5, (1 
– Fs) = 0.5 and t0 is 2 min. This means in 
this case THC will elute at (2 min/0.5) 
or 4 min, which is the second peak seen 
in Figure 6.

Equation 6 is in my opinion the most 
important equation in chromatography 
because it relates elution time, the x-ax-
is quantity we care about that is derived 

from a chromatogram, to the fraction of 
time an analyte spends adsorbed, which 
is determined in turn by the chemi-
cal properties of the analyte, stationary 
phase, and mobile phase. Simply put, if 
you can get Fs to be different for each 
analyte in a mixture, you can in theory 
achieve a separation. 

Drawing Analogies  
to Spectroscopy
For those of you who are spectro-
scopically inclined, such as myself, 
I draw the analogy between Equa-
tion 6 and the formula for the peak 
positions in infrared spectra seen in 
Equation 7 (6):

Figure 5: The situation in our chromatography column after 40 s.
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t = 40s Start All Over Again

Time
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W = (1/2pc)(k/μ)1/2      [7]

where W is the peak position in wave-
number (cm-1), c is the speed of light, 
k is the force constant for a chemical 
bond, and μ is the reduced mass for a 
chemical bond.

The force constant, k, is related to 
chemical bond strength. The reduced 
mass, μ, is calculated from the mass of 
the two atoms in a bond. Note that k and 
μ are chemical properties that are differ-
ent for different chemical bonds. For ex-
ample, the values of k and μ for a C-H 
bond are different than for a C=O bond, 
which is why they have different peak 
positions in infrared spectra (6). Equa-
tion 7 is in my opinion the most impor-
tant equation in infrared spectrosco-
py because it relates peak position, the 
x-axis quantity we care about that is de-
rived from a spectrum, to the chemi-
cal properties of the analyte. Similar-
ly, equation 6 relates elution time, the 

x-axis quantity we care about that is 
derived from a chromatogram, to the 
chemical properties of the analyte, sta-
tionary phase, and mobile phase. Thus, 
the two most important equations in 
spectroscopy and chromatography re-
late peak position on the x-axis to mo-
lecular properties. Note that equation 
6 depends upon the experimental set-
up, such as the nature of the mobile 
phase,stationary phase, and analyte, 
whereas infrared peak positions depend 
upon the chemical structure of the ana-
lyte only. More on this later.

Conclusions
The passage of analyte molecules 
through a chromatographic column is 
analogous to a horse race, with different 
molecules passing through the column 
at different speeds. Via words, pictures, 
and equations we found that a key 
quantity that determines elution time is 
the fraction of time an analyte spends 
adsorbed on the stationary phase, and 
that this is a function of the chemical 
properties of the analyte, mobile phase, 
and stationary phase.
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Figure 6: An example of a chromatographic separation. The first peak, which we assumed 
was from unadsorbed ethanol molecules, eluted at the void time at 2 min or t0. The second 
peak from THC eluted at 4 min or 2t0 because it spent twice as much time adsorbed on the 
stationary phase than the ethanol molecules.
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In humans, cytochrome P450 contains three 
primary enzymes involved in the metabolism of Δ9-
tetrahydrocannabinol (CYP2C9, CYP2C19, CYP3A4).  
These enzymes are mostly found in the liver, but can occur 
in other lipophilic tissues like brain, small intestine, heart, 
and lungs. THC elimination in the body is dictated by the 
accumulation of the compound in both adipose tissue and 
plasma and, due to the lipophilicity of THC, the determination 
of the concentration through excretion is difficult.1,2 Likewise, 
states have passed regulations allowing for the legal use of 
both medicinal and recreational cannabis while workplaces in 
those states continue to dictate safety regulations with a zero 
tolerance drug policy culminating in a urine test to determine 
compliance. With more than 100 THC metabolites, detection 
of the most abundant, 11-hydroxy-THC, 11-carboxy-THC 
glucuronide, and 11-carboxy-THC, hold the most focus. 
Typically, between 80% and 90% of the THC consumed is 
excreted as carboxylate and hydroxylate metabolites.3,4

The Hamilton PRP-C18 reversed-phase column offers 
good selectivity and peak shape when detecting the three 
major components of THC metabolites in urine. As shown 
in Figure 2, samples spiked with metabolites in urine show 
good correlation in low concentrations and rapid sample 
analysis can be achieved in under eight minutes. In addition 
to good column performance, all Hamilton columns come 
with value added features that include great chemical and 
thermodynamic stability and increased lifetime due to their 
PS-DVB backbone.
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Packing Material PRP-C18, 5 µm

P/N 79676

Chromatographic Conditions

Gradient 

0.00–2.00 min, 5%B 
2.01–3 min, 5–50%B  
3.01–8 min, 50–95%B  
8.01–10 min, 95%B

Temperature 35°C

Injection Volume 5 µL

Detection UV at 230 nm

Dimensions 150 x 4.6 mm

Eluent A 10 mM CH3COONH4

Eluent B CH3CN

Flow Rate 2.0 mL/min

1 ) Lucas, C.J.; Galettis, P.; Schneider, J. The pharmacokinetics and the  
pharmacodynamics of cannabinoids. Br. J. Clin. Pharmacol. 2018, 84, 
2477–2482. 

2 ) Grotenhermen, F. Pharmacokinetics and Pharmacodynamics  
of Cannabinoids. Clin. Pharmacokinet. 2003, 42, 327–360.

3 ) Huestis, M.A. Pharmacokinetics and Metabolism of the Plant Cannabinoids, 
D9-Tetrahydrocannibinol Cannabidiol and Cannabinol. In Cannabinoids; 
Pertwee, R.G., Ed.; Springer: Berlin/Heidelberg, Germany, 2005; pp. 
657–690. ISBN 978-3-540-26573-3.

4 ) Harvey, D.J. Absorption, Distribution, and Biotransformation of the 
Cannabinoids. In Marihuana and Medicine; Nahas, G.G., Sutin, K.M., Harvey, 
D., Agurell, S., Pace, N., Cancro, R., Eds.; Humana Press: Totowa, NJ, USA, 
1999; pp. 91–103. ISBN 978-1-59259-710-9.

Author: Adam L. Moore, PhD

Figure 1: Most abundant THC metabolites.
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Figure 2: Urine sample spiked with 3 ng/mL of THC metabolites.
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There goes another year in the books. This review of 2022’s extraction greatest hits takes a look at discoveries, 
advancements in technology, and other highlights from the last year. 2023 is set up to be an interesting year with 
less access to funding, which could slow the development of new technology or innovation in the extraction space. 
This article lays out some predictions for 2023.

Extraction 2022 Highlights 
and 2023 Predictions
By Lo Friesen

2022 in Review
Every year the cannabis industry ad-
vances in market growth, technology, 
and product innovation. 

In 2022, the US cannabis market:
• Added 1 new medical state
• Added 1 new adult use states
• *Projected* 21% overall year 

over year revenue growth

The cannabis industry experienced 
massive growth during the peak of the 
pandemic in 2020 and 2021. Howev-
er, Figure 1 demonstrates that a cor-
rection is occurring especially in ma-
ture markets that experienced the 
most growth. In 2022, Colorado, Ne-
vada, Oregon, and Washington mar-
kets declined to revenues that were 
seen in 2019. 

In 2022, 43% of the market consist-
ed of the sale of products using can-
nabis extract as the main product or 
an infusion ingredient. The other 57% 
of revenue was made up of flower and 
pre-rolls, as seen in Figure 2. The ex-
traction and processing segment of 
the industry has the most potential for 
growth as extracts and infused prod-
ucts have unlimited potential for in-
novation. Flower and pre-roll products 

seem to have little room for end prod-
uct innovation and experience the 
most price compression. Price com-
pression and the hyper-competitive 
nature of flower sales have driven cul-
tivators to find ways to convert canna-
bis biomass into higher value products. 
The result is an increase in concen-
trates, other processed products, and 
higher quality products in order to de-
mand higher prices.  

Innovation in the extraction and 
processing segment is often driven by 
organizations looking for a competitive 
edge or ways to reduce operating and 
production costs. 2021 was the year 
tetrahydrocannabinol (THC) isomers 
surfaced on the mainstream hemp 
market. 2022 was the year of THC iso-
mer regulations, oversupply of hemp 
and cannabis biomass, and the solvent-
less sweep. In February 2022 we re-
viewed the foundation of THC isomers 
(3) due to the rapid rise of accessibility 
to these isomers, mainly delta-8 THC, 
with no regulatory agency ensuring 
these products are safe to consume. 
Delta-8 THC is intoxicating, but mild-
er than delta-9 THC. Delta-8 THC con-
tinued to make national news in 2022 
as consumers were purchasing these 

intoxicating “hemp-derived” prod-
ucts from gas stations across the US. 
As demonstrated in Figure 3, the pro-
cess by which delta-8 THC is produced 
involves converting cannabidiol (CBD) 
into delta-8 THC using strong acids, 
harsh solvents, and heat.

In the process, unidentifiable non-
THC by-products are showing up on 
chemical analyses. In addition to this, 
no one is testing for the solvents and ac-
ids that are being used to produce these 
products. These both are cause for con-
cern among scientists as they could 
present serious health risks to consum-
ers (4). Each state has reacted different-
ly to the rise of delta-8 and its poten-
tial consumer safety risks. In Figure 4 
you can see that 21 states have strictly 
banned or regulated delta-8 THC. 

In most adult-use states, delta-8 
is regulated, but products are availa-
ble. Delta-8 THC products are offer-
ing hemp operators another revenue 
stream in a flooded CBD market where 
many are being forced out of business. 
It is easy to see how operators would 
be willing to take the risk associated 
with producing delta-8 products in the 
hypercompetitive hemp market with a 
major oversupply of hemp biomass. 
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Figure 1: Total sales in mature markets, 2019–2022 (1).

Figure 2: Sales of cannabis products in the United States from 2020 to 2022, by category (USD, Billions; * = projected) (2).
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Another result of hemp biomass 
continuing to be in an oversupply 

and regulated cannabis market pric-
es in 2022 plummeting was the rise 
in operators converting CBD into del-
ta-9 THC. Operators in states like 
Washington and California have be-
gun sourcing hemp biomass, extract-
ing CBD, then converting CBD to del-
ta-9 THC in mass quantities. The cost 
of hemp and the conversion process is 
so low, which has resulted in prices for 
extracts in the adult-use and medical 
markets to fall to all-time lows. 

Counter to the falling prices and 
market compression, concentrates 
with clear differentiation rapidly ex-
panded in 2022. Products with minor 
cannabinoids have increased in rev-
enue by 30–1200% depending on the 
state (6). With CBD losing its nov-
elty, more impactful minor cannab-
inoids such as cannabigerol (CBG) 
and cannabinol (CBN) have capti-
vated consumers. Demand for minor 
cannabinoids from consumers has 
driven more companies to offer prod-
ucts with these minor cannabinoids. 
The demand is there, but more im-
portantly these cannabinoids can be 
sourced from hemp, which creates an 
opportunity for organizations to pro-
duce in-demand products with  
higher margins. 

Solventless products took the mar-
ket by storm in 2022, increasing in 
market share by more than 100% (6). 
Solventless products are produced 
without using a solvent-based extrac-
tion method. The extract is produced 
using a rosin press method, ice water 
hash, or a combination of both meth-
ods. Solventless extract has made its 
way into the market through concen-
trates, vapes, as well as edibles and 
are continuing to expand. Solventless 
concentrates seem to offer a different 
f lavor profile that consumers are en-
joying. However, with less THC, more 
terpenes, and more balanced can-
nabinoid profiles, these concentrates 

seem to be offering consumers su-
perior experiences with both f lavor 
and high. Solventless products are 
demanding much higher prices than 
their counterparts and consumers 
are paying it! It seems as though con-
sumers are understanding of the fact 
that producing solventless concen-
trates and products costs more and is 
higher in value than other products. 
This demonstrates a shift in consum-
er buying behavior where they are 
looking for added value beyond price 
and THC. This is an exciting turn in 
the market and operators are rapid-
ly pivoting to produce more solvent-
less products. 

Among solvent extraction meth-
ods, a rise in scalability and streamlin-
ing took center stage. More than ever, 
manufacturers are producing systems 
that minimize the need for human in-
teraction and maximize automation. 
Ethanol extraction and solvent recov-
ery has never been faster and more ef-
ficient by utilizing automation and 
continuous feed technology. Supercrit-
ical fluid CO2 extraction saw the in-
troduction of dewaxed extract within 
the CO2 extraction system. This elimi-
nates the need for any post-processing, 
which dramatically improves extrac-
tion efficiency and overall cost of pro-
duction. It will be interesting to see if 
these advancements prove the value of 
their high equipment cost.

2023 Predictions
The US has experienced a turbulent 
and unpredictable past few years, 
however, the future continues to be 
unpredictable. Nothing seems entirely 
stable or consistent, which means 
predictions are even harder to make. 
While the economy continues to re-
veal the beginning of a recession, the 
federal government has recently made 
some political moves that has the pub-
lic convinced that federal legalization 

Figure 3: Conversion of CBD to delta-8, 
delta-9, and delta-10 THC (4).
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is around the corner. The recession in 
combination with these changes in the 
federal political climate has illuminat-
ed a few key predictions for 2023.

• Price compression will contin-
ue, forcing more companies 
out of business. 
 ɋ To combat this, compa-

nies will shift to producing 
more premium products to 
maximize margins. 

 ɋ This will also lead to more 
rapid and expansive prod-
uct innovation to offer a 
competitive edge.

• THC isomers will remain 
available on the market un-
less consumers demand 
regulation.

• Hemp will continue to plum-
met in price and will supply 
the THC operators with cheap 
access to CBD for conversion 
to THC.

• With more blood in the water, 
mergers and acquisitions will 
continue to rise.

• New medical and adult-use 
states will enter the space 
creating markets that demand 
higher prices. This will create 
more opportunity for compa-
nies to enter more states and 
multi-state operators (MSOs) 
to capture higher profit 
margins. 

• With the federal administra-
tion shedding a more positive 
light on the cannabis indus-
try and the potential for safe 
banking, more investment 
money will enter the space. 
 ɋ This will drive growth and 

innovation in both plant 
touching and ancillary 
cannabis companies. 

 ɋ Equipment, real estate,  
and operating capital  
loans and financing 

options will become more 
readily available. 

 ɋ Extraction methods and 
equipment will become 
more efficient and selec-
tive, creating more options 
for product formulation. 

 ɋ US adults on the fence 
about whether or not 
to accept cannabis as a 
medical or recreation-
al product will f inally en-
ter the cannabis space as 
consumers. 
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Figure 5: Rosin upselling in vapes (6).
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Figure 4: Legal status of delta-8 THC by state (5).
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Whether or not these predictions 
come to fruition, the cannabis indus-
try as a whole has continued on an 
upward and positive trajectory both 
from a revenue generating and politi-
cal perspective. This year will be tell-
ing as to the cannabis industry’s true 
ability to be “recession-proof” as well 
as understanding the timeline for fed-
eral legalization. 
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In this issue, we will continue the discussion of energy and elements used in atomic spectroscopy by looking at 
one of the most commonly used analytical techniques in the elemental analytical laboratory—inductively coupled 
plasma-atomic emission spectroscopy (ICP-AES). This technique is used to achieve high levels of accuracy while 
being able to discern increasingly low levels of detection in comparison with some of the other techniques we have 
reviewed. We will examine the structure and function of modern ICP systems to understand how to optimize these 
techniques for different types of samples and analytical targets.

Energy and Elements, Part II: 
A Closer Look at ICP
By Patricia Atkins

The discussion of atomic spec-
troscopy started with the basic 
principles of changes in energy 
states that result in the absorp-

tion, emission, and other changes in 
energy measured by atomic absorption 
spectroscopy (AAS) or atomic emis-
sion spectroscopy (AES). In the first 
elemental spectroscopy column (Sep-
tember 2022), we looked at the form 
and function of many absorption tech-
niques and started to examine the fun-
damentals of emission spectrosco-
py leaving off with the fundamental 
skeleton of inductively coupled plas-
ma (ICP) (1). The basic components of 
emission spectroscopy techniques are 
similar, starting with sample induction 
to a nebulizer then the passage of the 
sample to an excitation source leading 
to optics that directs emission to a de-
tector (see Figure 1).

Investigating ICP 
Most modern laboratories rely heavily 
on atomic emission spectrometers with 
a plasma source either ICP-AES or ICP-
mass spectrometry (MS). The sample 
introduction and nebulization systems 

for ICP systems are similar or identical 
to the nebulizers described previously 
for other emission spectrometers. The 
primary difference between ICP and 
other emission spectrometers is the 
excitation source and the detector. In 
ICP, the excitation source is plasma—a 
homogenous mixture of ionized gases 
(usually containing argon) composed 
of electrons, ions, and neutral species. 
ICP systems contain an ICP torch where 
argon moves an aerosolized sample 
through an applied Rf power supply.  
The plasma is ignited by a spark from a 
Tesla coil (see Figure 2).

The early generations of ICP systems 
used a side-on or radial view of the plas-
ma.  The radial view takes a plasma 
cross-section from the side (Figure 3a). 
Later, alternative configurations devel-
oped end-on or axial observation of the 
plasma along the entire length of the 
plasma (Figure 3b).

Modern systems can have either 
type of viewing or be a dual configu-
ration (combination of both axial and 
radial viewing). In dual view systems, 
the torch is oriented most often in a 
horizontal configuration and optics 

are used to create the axial and radi-
al views. This horizontal configura-
tion allows the optics to stay clean-
er as the heat and exhaust of the torch 
vents away from the path of the opti-
cal components.

Radial plasma tends to have less sen-
sitivity than the axial configuration but 
is preferred with samples with complex 
or difficult matrices. Samples with large 
amounts of organic compounds or dis-
solved solids perform better with a ra-
dial view opposed to the axial view. 
One of the reasons is that an axial view 
boosts sensitivity of all the elements in 
the plasma including the background 
and can be susceptible to interference.

ICP Interferences
An interference is any effect that can 
alter the measurement of the target 
elements. In ICP spectroscopy there are 
three important types of interference:  
physical, chemical, and spectral.

Physical interferences are the differ-
ences between the samples being tested 
and any standards, calibration curves 
or blanks that can alter the sample in-
troduction and nebulization. Most of 



FUS_419 AD HOC January-February 2023 CS&T Full Page Ad-mech-OL.pdf   1   12/1/22   12:59 PM

https://www.fritsch-international.com/
http://notthesamedailygrind.com/
http://notthesamedailygrind.com/


cannabis science and technology®  |  vol. 6 no. 1 cannabissciencetech.com22

navigating the lab / research

the difference stems from the make-
up of the matrices of the sample and 
standards. Changes in density, viscos-
ity, and dissolved organic matter from 
either the matrix or, as a result of any 
digestion or preservation techniques, 
can create these physical interferenc-
es. Some of these difficulties can be ad-
dressed by diluting samples, using in-
ternal standards, standard addition, 
and matrix matching.

Chemical interferences are differ-
ences in the way in which a sample, 

standard, or element reacts in the 
plasma. These interferences can result 
in ionization effects, formation of mol-
ecules, or changes to the plasma. Some 
elements, such as alkali metals, often 
are seen to have ionization interac-
tions resulting in interferences. Chem-
ical interferences can be addressed by 
adding ionization buffers.

Spectral interferences are changes 
to the optical or detector spectral re-
sponse from background shifts, inter-
ference from other elements in the sam-
ple, or spectral overlaps. In background 
shifts, the baseline or background of the 
sample is different between the sample 
injection and injections of standards, 
calibrants, or blanks. These shifts can 
occur because of the presence of an ele-
ment in one of the injections that is not 
present or in the same concentration as 
the other injections.

Simple background interference is the 
difference in the baseline, either higher 
or lower than the target sample’s base-
line in the immediate area of a targeted 
spectra (see Figure 4a). A sloping back-
ground shift is also often due to the 
presence or concentration of another el-
ement that causes the baseline or back-
ground to slope either upward or down-
ward in the area of a target spectrum 
(see Figure 4b). Complex background 
shifts are interferences from multiple 
sources or elements creating increased 

noise in the baseline interfering with 
the detection of the target spectrum.

Another type of spectral interfer-
ence are partial or full spectral overlaps 
(see Figures 4c and 4d). Direct over-
laps occur when the wavelengths be-
tween two elements are too close to ful-
ly resolve. Despite the fact that no two 
elements have exactly the same spec-
tral emission, there are many situations 
where the width of the spectral lines or 
resolution of the optical system can cre-
ate overlap. When these overlaps occur, 
a correction called an inter-element cor-
rection (IEC) may be applied. The cor-
rection applies a ratio based on the con-
centration of the interfering element. 
To properly use the IEC, the concen-
tration or contribution of the interfer-
ing element must be measured at anoth-
er wavelength and a correction factor 
applied. Each suspected interfering ele-
ment must be measured and used in the 
correction. Complexity of the sample 
can cause the use of an IEC to be cum-
bersome and may be limited by the op-
tics of the system.

Spectral interferences can be miti-
gated by understanding the composi-
tion of your samples and running single 
element standards for would be tar-
gets and interferences. Many analytical 
methods include standard wavelength 
suggestions that can be adjusted for 
specific types of matrices. For unknown 

Figure 1: Fundamental components of an ICP spectroscopy system.
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samples, it may be necessary to run 
some preliminary semi-quantitative 
runs to determine the overall composi-
tion before fine tuning analysis for the 
targets of primary interest. Once the 
probable composition is known, wave-
lengths can be selected to minimize in-
terferences. Many references can be 
found for the most common wave-
lengths for ICP amenable elements in-
cluding an online tool kit from myperi-
odictable.us (see Tables I and II).

Examining Energy, 
Wavelengths, and Optics
At the base of all ICP-optical emission 
spectrometry (OES) detection is the 
ability of the system to measure the 
change in energy resulting in specific 
wavelengths detected by an optical de-
tector. If you remember previous discus-
sions of the electromagnetic spectrum, 
the larger the wavelength the lower 
the energy state. In elements, the more 
transitions of energy state the more en-
ergy is released and detectable as lower 
wavelengths. So, a transition of an elec-
tron through two or more orbitals has 
more energy and a shorter wavelength 
than a transition of an electron through 
a single orbital (see Figure 5).

The ability of an ICP-OES system to 
detect and isolate elements and their 
wavelengths depends on the system’s 
optics and detector. A typical ICP-
OES system must be able to produce 
wavelengths over a wide range of en-
ergies, typically from approximately 
150–850 nm, and have resolution typ-
ically better than 0.03 nm over sever-
al wavelengths. The emitted energy 
from a single element must be first dif-
ferentiated and then isolated to pro-
grammed wavelengths. This task is ac-
complished by a series of slits, mirrors, 
diffusion gratings, filters, and prisms. 
There are two basic types of opti-
cal configurations: monochromator 
and polychromator. A monochroma-
tor is usually a sealed system pumped 

with a gas such as argon where there is 
one entrance and one exit to the opti-
cal system allowing for the isolation of 
one element and wavelength at a given 

point in time to pass through to a de-
tector. The angle of the grating can be 
altered quickly, allowing for scanning 
of more than one wavelength during 
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sampling but it is limited by the sam-
ple and sampling rate. There are two 
common mount configurations for a 
monochromator: Czerny-Turner and 
Ebert. The Czerny-Turner possesses 
two concave mirrors while the Ebert 
mount has one large concave mirror 
that spans between the entrance and 
exit slits. Monochromators with their 
ability to examine one wavelength af-
ter another are known as sequential 
configurations.

A polychromator is a system that has 
an entrance slit and multiple exit slits 
leading to more than one detector and 
allowing for the detection of more ele-
ments and more than one wavelength in 
a set time period. This allows for more 
information to be collected across mul-
tiple elements, but also will reduce reso-
lution of any one element or wavelength 
since the signal is split up into dozens 
of wavelengths limited by the number 
of detectors. This multi-element capac-
ity makes polychromators known as a 
simultaneous configuration. The poly-
chromators are less flexible than mon-
ochromators and are set to fixed wave-
lengths where the monochromators can 
be change quickly and frequently (see 
Figure 6).

Both types of systems use a diffrac-
tion grating to split the signal into se-
lected wavelengths. The basic princi-
ple is that incident light hits the highly 
polished and etched mirror finish of the 
diffraction grating and splits into com-
ponent wavelengths. The surface of 
the diffraction grating mirror is fine-
ly etched with lines closely spaced to-
gether resulting in several hundred to 
thousands of lines per millimeter. As 
the light strikes the surface of the grat-
ing, it is diffracted at specific angles de-
pending upon the wavelength of light 
and the density of lines.

Another type of grating common 
in ICP-OES analysis is an echelle 
grating. This grating has a course 
set of lines compared to the other 

Figure 4: Examples of spectral interference: (a) simple, (b) sloping, (c) partial 
overlap, and (d) complete overlap.

(a) (b) (c) (d)

Table I: Common GC gas purities, designation, and uses
Element Symbol Wavelength (l) 1 Wavelength (l) 2 Wavelength (l) 3

Aluminum Al 396.163 394.403 167.079

Calcium Ca 393.366 396.847 422.673

Iron Fe 259.94 239.592 238.204

Magnesium Mg 279.553 280.27 383.231

Phosphorus P 178.287 177.499 213.62

Potassium K 766.491 769.898 404.72

Silicon Si 251.612 212.415 288.16

Sodium Na 588.995 589.592 330.232

Sulfur S 180.731 182.037 182.625

Titanium Ti 334.941 336.121 337.28

Table II: Common GC gas purities, designation, and uses
Element Symbol Wavelength 

(λ)1
Wavelength 

(λ) 2
Wavelength 

(λ) 3
Interferences

Arsenic As 193.696 197.197 189.042 Cd, Co, Cr, Ge, Ir, Pt, V

Mercury Hg 194.227 253.652 184.95 Co, Fe, Rh, Ta, Th, U, V

Lead Pb 220.351 216.999 405.782 Bi, Co, Hf, Ir, Nb, Sb, Th, W

Cadmium Cd 226.502 228.802 214.438 As, Co, Ir, Pt

Chromium Cr 267.716 205.552 206.149 Cu, Os, Ta, V

Figure 3: ICP Diagram of radial (a) and axial (b) torch orientation and viewing 
in ICP systems.

(a) (b)
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diffraction grating and separates light 
of a variety of wavelengths and pro-
duces overlapping spectra. A sec-
ond device (either another grating 
or prism) further cross disperses the 
light into a two-dimensional array 
called an echellogram.  This type of 
grating diffracts lights and focuses it 
on the slits. This type of grating is of-
ten used in polychromator systems.

Deciding on Detectors
As with all the other analytical 
systems we have examined the last 
component of the analytical system 
is the detector. In ICP systems, since 
the resulting energy are wavelengths 
of light the detector will use some 
combination of a photomultiplier, 
photo diode array, or solid-state 

device (similarly to the same com-
ponents discussed in the previous 
columns regarding chromatography 
and spectrophotometry). In the past, 
analytes were measured by photo-
multipliers. Modern systems rely on 
technology called solid-state charge 
transfer devices (CTDs). These devic-
es have almost completely replaced 
photomultipliers. There are several 
types of CTDs used to process signals 
including charge injection (CID) and 
charge coupled (CCD) devices. The 
CID and CCD technology is based 
on the light sensitivity properties of 
silica and have the benefit of being 
two-dimensional detectors compared 
to the older photodiode arrays and 
photomultipliers. The silicon atom 
structure forms crystalline lattice 

Figure 5: Energy, wavelength, 
and emission.
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with each silicon atom bonding to the 
adjacent atoms to form a three-di-
mensional structure. When photons 
break one of the bonds it results in 
a release of an electron and leaves a 
hole in the lattice called the elec-
tron-hole pair (see Figure 7). The re-
leased electron moves in the opposite 
direction while the hole moves with 
the energy direction causing a charge.

A two-dimensional silicon wafer 
composed of elements called pixels 
stores and detects photonic charge. 
CIDs allow activation of random and 
individual pixels with an electrode at 
each pixel site. CIDs have a very light 
sensitive surface divided into thou-
sands of pixels with rows and col-
umns of electrodes that allow for de-
tection of wavelengths from about 
160–900 nm. The integration of CID 
pixels means that the charge is not 
destroyed. CIDs have higher noise 
and require extreme cool as with liq-
uid nitrogen to reduce noise.

CCDs have a more systemat-
ic charge output measurement from 
the pixels. The charge is transferred 

Figure 6: Basic schematic of Czerny-Turner monochromator and polychromator optical systems for ICP.
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sequentially from each pixel to a buff-
er then to a recorder. Pixels are pro-
cessed in rows or columns that are 
read by the CCD. As the pixels are 
read, the charge is destroyed. These 
devices are very fast, but require 
cooling with a cooling system such as 
a Peltier unit.

Some devices combine features of 
both the CID and CCD. Systems such 
as a segmented array charge cou-
pled device (SCD) uses an echelle ar-
ray and is designed with thousands 
of pixels arranged in small subarrays 
(about 200) positioned on the sili-
con wafer producing an echellogram. 
These subarrays mirror the most im-
portant ICP spectral lines of about 
70 common elements. The subar-
rays each have their own electrode 
and can be read in any order. These 

systems have higher sensitivity than 
the other types of CCD systems.

Final Thoughts
Inductively coupled plasma spectros-
copy is a widely used instrumentation 
in inorganic analysis. The technique 
has existed for many years with great 
improvements on range of analytes 
and limits of detection that benefit 
the analyst. There are many choices 
in the individual components of the 
system that can be made to further 
refine and target analysis—from the 
sample induction to the torch, optics, 
and detector—the choice of config-
uration is important to improving 
your methodology. By understanding 
the physical configurations and their 
use, the analyst has another tool to 
improve their workflow.
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Delineating the Nuts 
and Bolts of the USDA’s 

Hemp Testing Rules
BY MARTHA HERNÁNDEZ

This article addresses the US Department of Agriculture’s hemp testing rules and what laboratories 
should know regarding hemp testing. The author provides a short tutorial for laboratories and 

includes a section how laboratory information management systems (LIMS) can help.

IN 2018, the Hemp Farming Act which proposed that 
hemp be removed from Schedule I and be reclassified 
as any other agricultural commodity was adopted into 
the 2018 Farm Bill, making hemp federally legal (1). Even 

though hemp is now legal in the US, its production is highly reg-
ulated and hemp testing laboratories must be aware of the rele-
vant laws and regulations they must adhere to. This article de-
lineates the nuts and bolts of the United States Department of 
Agriculture’s (USDA’s) hemp testing rules and what laborato-
ries should know regarding hemp testing.

What Is Legal Hemp in the US?
Legal hemp is Cannabis sativa that contains less than 0.3% of 
the psychoactive cannabinoid tetrahydrocannabinol (THC) on 
a dry weight basis. Cannabis sativa containing more than 0.3% 
THC is classified as cannabis.

Here is where the line is drawn between hemp, which is le-
gal, and cannabis, which remains a schedule I substance and 
is therefore illegal. The Controlled Substances Act (CSA) pro-
hibits the “manufacture, distribution, dispensation, and pos-
session of Schedule I substances except for federal govern-
ment-approved research studies” (2). This delineates the 
need and relevance of hemp testing laboratories; to ensure 
that the 0.3% threshold for THC is not exceeded.

The Agricultural Improvement Act of 2018
The Agricultural Improvement Act of 2018 (2018 Farm Bill) 
removed hemp from the Drug Enforcement Administration 
(DEA) list of Schedule I controlled substances by adopting 
the Hemp Act (3). Consequently, the US Domestic Hemp Pro-
duction Program was created to provide regulatory oversight 

for the hemp industry. The program mandated the USDA to 
create a regulatory framework and issue guidance to regulate 
the production of hemp. Following this, the USDA issued the 
Interim Final Rule (IFR) on hemp, which was published on 
October 31, 2019 (4). The US Food and Drug Administration 
(FDA) also allowed a 60-day comment period for the IFR. 
The 2020 growing season was used to test drive the IFR and 
together with the submitted comments from the public, the 
Final Rule (FR) was published in 2021 (5).

The USDA Issues Final Rule on Hemp
The Final Rule (FR) on hemp was published in January 
2021 and took effect on March 22, 2021. It covers several 
key factors on hemp testing, including licensing require-
ments for hemp testing laboratories, sampling and testing 
procedures, handling of violations, reporting of test results, 
and the disposal of noncompliant crops. For hemp testing 
laboratories, the most critical consideration from the FR is 
the accurate testing of hemp samples and the calculation of 
THC concentration on a dry weight basis (5). 

Scope of Hemp Testing Market
Grand View Research placed the value of the global hemp 
market at $4.13 billion in 2021. The value is expected to hit $16.75 
billion by 2030, growing at a compound annual growth rate 
(CAGR) of 16.8% (6). This signals the growing demand for hemp 
testing services in the next couple of years to meet the regulato-
ry requirements defined by the FR.

Not many laboratories are offering hemp testing services at 
the moment because the industry is still new, and the regulato-
ry requirements are stringent. For example, hemp testing can 
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only be offered by laboratories that are 
registered with the DEA. Thus, there’s a 
large opportunity of venturing into hemp 
testing and owning the space before it 
gets crowded.

Hemp testing laboratories as well as 
those aspiring to venture into the niche 
need to be conversant with the relevant 
rules as defined in the Final Rule. They 
also need to leverage the best technology 
to get ahead of the regulatory curve and 
become profitable in the soonest time 
possible. Here are the nine rules that ap-
ply to hemp testing.

Nine Cardinal Rules for 
Hemp Testing Laboratories
Hemp testing laboratories are of course 
free to test several other compounds as 
well. This means that they need to adhere 
to all the rules and regulations that apply 
to laboratories. However, there are some 
rules and regulations that are specific to 
hemp testing and must be adhered to as 
well. This begins with how hemp samples 

should be received, tested, and disposed 
of as well as how the test results should 
be disseminated. Some of the rules for 
hemp testing laboratories are below.

1 Mandatory  
DEA Registration

All laboratories that test for hemp must 
be registered with the DEA. Registra-
tion information can be accessed from 
the DEA’s Diversion Control Division 
website. The FR states that “Registra-
tion is necessary because laboratories 
could potentially handle cannabis that 
tests above 0.3% THC on a dry weight 
basis, which is, by definition, marijuana 
and a Schedule I controlled substance.” 
Fortunately, hemp testing laboratories 
had until the final day of 2022 to comply 
with this requirement. 

The laboratories will also need to 
open a Hemp eManagement Platform 
(HeMP) account that allows them to 
manage and submit hemp information 
and report to the USDA, replacing the 

need to submit via email, mail, or fax. 
The USDA has published a directory for 
laboratories that have been certified by 
the DEA to test hemp that customers 
and other stakeholders can easily access.

2
Measurement of 
Uncertainty Must Be 
Calculated and Reported

The measurement of uncertainty (MU), 
is a measurement that expresses an 
acceptable degree of variance in a test 
result. It characterizes the limit of dis-
persion in the values (7). Hemp testing 
laboratories are required to calculate and 
report the MU when testing for THC in 
a sample. Possible sources of uncertainty 
need to be identified and their level of 
contribution quantified. This will be used 
to determine the overall measurement of 
uncertainty. The method for calculating 
the MU needs to include all possible 
contributors of uncertainty including the 
possible decarboxylation of THC (8).

3 Ensure Representative 
Sampling

The FR is very specific as to the parts 
of hemp that can be used as samples 
for THC testing. This is because THC, 
as well as other phytochemicals, are 
present in high amounts in the flowers, 
but exist in minimal amounts in the 
stems. Fortunately, the FR gave a greater 
allowance for the parts of hemp that can 
be tested, as compared to the IFR. Lab-
oratories can now test samples from the 
buds and leaves, for as long as they are 
taken from at least 5–8-in. away from the 
main stem. Samples can also be picked 
from the central cola or terminal bud.

4 Sample Preparation  
for Hemp Testing

Once an appropriate sample has been 
obtained, it should be dried within 24 h. 
Note that THC is usually reported on a dry 
weight basis. It is important to minimize 
the variance that would arise if some 
laboratories report the THC level using 

Figure 1: A schematic representation of the nine cardinal rules from the USDA for 
hemp testing laboratories. Image credit: CloudLIMS. 
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a wet sample while others report using a 
dry sample. If the sample cannot be dried 
within 24 h, then it should be frozen at a 
temperature of -20 °C or lower. 

The laboratory should grind the sam-
ple to a fine consistency prior to testing 
it. This is important for homogeneity. The 
sample should then be divided into two 
parts. One part should be used for testing 
while the other should be retained in case 
a retest is needed. The sample prepara-
tion procedure should be well captured in 
the laboratory’s internal standard operat-
ing procedures (SOPs) (9). 

5 Use of Post-
Decarboxylation 
Testing Method

The FR requires that hemp testing 
laboratories use a post-decarboxylation 
method when testing for THC in a hemp 
sample. Decarboxylation is the process 
through which acidic cannabinoids lose 
their acidity and become activated after 
they are exposed to heat. Raw hemp 
contains THC (as well as other cannabi-
noids) in its acidic forms. When exposed 
to heat, tetrahydrocannabinolic acid 
(THCA) is converted to the psychoac-
tive cannabinoid THC. A testing method 

that does not consider the decarboxyl-
ation process will fail to capture the true 
concentration of THC in a given sample.

Gas and liquid chromatography are the 
approved post-decarboxylation methods 
for testing THC in hemp. Laboratories are 
free to explore other testing methods that 
factor in the decarboxylation process. 
However, laboratories will need to seek 
approval in writing prior to using any oth-
er method to test for THC (9).

6 The Negligence 
Threshold

The FR increased the negligence 
threshold for hemp testing from 0.5% 
to 1%. A hemp sample that tests above 
0.3% is considered hot hemp. However, 
if the THC does not exceed 1%, it is not 
considered a negligent violation and 
hence is not penalized. However, the hot 
hemp still needs to be destroyed and 
disposed of. Previously, the FR allowed 
a negligence threshold of up to 0.5%. 
If a hemp sample tests above 1% THC, 
this is considered a negligent violation 
and subsequently the Licensed Producer 
(LP) is issued with a notice of violation. 
If an LP receives three consecutive 
notices within five years, the LP will be 

disallowed from taking part in the hemp 
program for the next five-year period.

7 Sharing of  
Test Results

Hemp testing laboratories are required 
to share the test results with the USDA, 
regardless of whether the THC limit is 
exceeded or not. The test results are 
shared through HeMP, so laboratories 
will need to create a HeMP account. The 
laboratories should also download Form 
22 from the USDA’s Agricultural Market-
ing Services (AMS) website and use it to 
submit the THC results.

The test results must also be shared 
with the LP in a format that is most 
suitable for them. The results must be 
shared with the relevant state or tribe 
department of agriculture and should 
bear the stamp “official compliance.” 
Laboratories must store the test results 
for a minimum period of three years.

8 Hemp Retesting

The laboratories can conduct a retest of 
the hemp sample at the request of the 
LP. The same procedure for testing, as 
stipulated in the SOP, should be followed. 

Figure 2: A SaaS LIMS for CBD and THC testing to manage multi-analyte test results and flag out-of-specification test results. Image 
Credit: CloudLIMS.
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The results should also be shared with the 
three parties: licensed producer, the USDA, 
and the relevant department of agriculture. 
The LP should bear the cost of the retest.

9 Remediation 
of Hot Hemp

After testing, a laboratory is likely to 
come across some hot samples that will 
need to be destroyed and disposed of 
(10). Fortunately, the FR allows for the 
remediation of hemp, which means uti-
lizing the hemp biomass. This prevents 
the LP from incurring huge losses. Dif-
ferent “dilution” methods can be used 
to remediate hemp. For example, the 
hemp can be shredded into biomass, and 
then a sample submitted for testing. The 
original testing method should be used 
for the retesting. The hemp biomass can 
be used for fiber or fuel if the THC level 
is compliant upon further testing.

As mentioned earlier, hemp testing is 
a potentially lucrative venture that has 
minimal competition at this point. That 
said, since the industry is being high-
ly regulated there are several barriers to 
entry. Laboratories looking to venture 
into the industry should not be deterred 
by the hurdles, but should instead do 
all it takes to understand the legal land-
scape and implement measures to re-
main compliant with the relevant rules 
and regulations.

A LIMS Helps Hemp Testing 
Laboratories Meet Compliance 
Challenges Head On
A software as a service (SaaS) labora-
tory information management system 
(LIMS) for cannabidiol (CBD) and THC 
testing can help hemp testing laborato-
ries get through the seemingly insur-
mountable compliance challenges (11). 
A LIMS helps laboratories track samples 
and manage test results while ensur-
ing an optimum level of accuracy. A 
LIMS automates laboratory workflows, 
ensures efficiency, and minimizes errors. 
A LIMS supports the dissemination of 

test results to the relevant stakeholders 
while maintaining the record for the 
stipulated duration. A cloud-hosted 
LIMS enables remote access to labo-
ratory data while providing enhanced 
data security (12). A cloud-based SaaS 
LIMS for CBD and THC testing reduces 
the operational costs of laboratories 
by eliminating the need to purchase 
IT infrastructure and hire dedicated 
IT personnel. Moreover, it enables 
laboratories to eliminate other upfront 
costs otherwise needed for deploying a 
traditional LIMS.

Conclusion
Hemp testing laboratories must meet 
the regulatory requirements set by the 
USDA that can be both specific and 
cumbersome. For example, all testing 
methods must take into account the 
decarboxylation of THCA to THC once 
the sample is exposed to heat. This 
restricts the testing methods that lab-
oratories can use. Another challenge is 
balancing regulatory requirements with 
customer satisfaction. A hemp testing 
laboratory may develop a precise and 
accurate method to test THC that meets 
regulatory threshold for a well-defined 
measurement of uncertainty. However, 
this method may provide results that 
do not favor the customer, hence the 
laboratory can easily lose the customer 
on these grounds. At the end of the day, 
hemp testing laboratories must juggle 
between meeting regulatory require-
ments, satisfying customers, and at the 
same time ensuring the highest level of 
scientific accuracy. A cloud-based SaaS 
LIMS for CBD and THC testing enables 
hemp testing laboratories can meet 
compliance goals with ease while always 
assuring testing accuracy.
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