
Fast and Easy Cannabis Potency Testing  
Using an Entry Level Agilent 1260 Infinity LC

Abstract: 

This Application Note details a fast and simple analytical 
approach for quantitation of 9 Cannabinoids of interest 
using an Agilent 1260 Infinity configured as an ‘entry 
level’ instrument.  Results obtained from actual cannabis 
samples were cross-validated on a separate LC/MS/MS 
system using UHPLC separation techniques.  The obtained 
results demonstrate excellent concordance between the 
two systems and illustrate the ability of the 1260 to gen-
erate comparably accurate results to more expensive and 
complicated systems.

Introduction

In the United States, the increasing acceptance of medical 
and recreational cannabis at the state level has created a 
need for accurate, precise and efficient analysis of can-
nabinoids in marijuana flower, extracts, and formulated 
products. At the same time, the lack of Federal recognition 
of marijuana for either recreational or medical purposes 
has effectively decentralized the development of analyti-
cal approaches for determination of cannabinoid content 
in these products, thereby creating a significant need for 
development of reliable and robust analytical protocols. 

In the cannabis plant, the two major cannabinoids of 
interest, Δ-9-Tetrahydrocannabinol (THC) and Cannabidiol 
(CBD) are primarily found in their acid forms (THCA and 
CBDA respectively; Figure 1).

Figure 1:  
Primary Cannabinoids of interest in Cannabis flower  
and extracts.

THCA and CBDA are commonly decarboxylated to their 
neutral forms via heating or combustion during the  
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process of smoking (for either raw flower or various types 
of extracts), or prior to ingestion of formulated edible prod-
ucts. For many decades, this has been taken for granted 
as a desirable process for ‘recreational’ use of cannabis, 
since THCA lacks the psychoactive properties of its decar-
boxylated form. As the societal acceptance of cannabis for 
both recreational and medicinal use increases, and the 
biochemical properties of the plant are explored in greater 
detail, there has been an emergent interest in the phar-
macological properties of the acidic forms of the canna-
binoids. The relevance of this paradigm shift to cannabis 
analytical chemistry is explained below.

Gas Chromatography (GC) has historically been the default 
analytical method choice for cannabinoid determination 
due to widespread availability and low cost, but most 
cannabis analytical chemists now prefer High Pressure 
Liquid Chromatography / Ultra High Pressure Liquid Chro-
matography (HPLC/UHPLC) due to an increased desire to 
report the sum of the acid and neutral forms of the major 
cannabinoids during potency quantitation. This reporting 
scheme is desirable for numerous reasons, including (1) 
Increased awareness of the unique biological significance 
of the acid forms of the major cannabinoids1, 2 and (2) 
uncertainty regarding the reproducibility / extent of decar-
boxylation in the injection port of the gas chromatograph3, 
which may lead to accuracy and precision issues when 
reporting total cannabinoids by GC.

An intensive focus on selective breeding and cultivation of 
cannabis over the last four decades has resulted in unprec-
edented production of desirable secondary metabolites; 
the High Times ‘Strongest Strains on Earth” competition- 
generally considered a reliable showcase of contemporary 
cannabinoid titration values- details peak flower values of 
21 weight percent CBD; 32 weight percent THC during the 
2016 competition4. 

Liquid chromatography with multiple wavelength or 
continuous array ultraviolet-visible (UV-VIS) detection 
is a robust, capable, and economical choice for routine 
cannabinoid analysis in a variety of matrices. A standard 
consortium of 5-9 cannabinoids typically detected and 
quantified in cannabis flower and related products is easily 
characterized via retention time and spectral matching for 
peaks of interest with a binary solvent gradient method of 
5-40 minutes for HPLC and 5-10 minutes for UHPLC, with 
sensitivities approaching 0.05 weight percent for the major 
cannabinoids.

This application note details a quick and thorough sample 
preparation and instrument method for the quantification 
of cannabinoids of interest in marijuana flower, utilizing an 
affordable Agilent 1260 system coupled with UV detection.

Experimental Instrumentation

An Agilent 1260 Infinity LC System, configured as follows, 
was used:

• Agilent 1260 Infinity Quaternary Pump (G1311B)

• Agilent 1260 Inifinty Standard Autosampler (G1329B)

• Agilent 1290 Infinity Autosampler Thermostat (G1330B)

• Agilent 1260 Infinity Thermostatted Column Compartment (G1316A)

• Agilent 1260 Infinity Variable Wavelength Detector (G1314F)

Standards and Standard Solutions

All standards were purchased from Cerilliant  (Round Rock, 
Texas, USA), at 1 mg/mL (1000 ppm) concentration. The 
following standards were used:

• Δ9-Tetrahydrocannibinol (Δ9 THC, Cerilliant part number T-005)

• Δ9-Tetrahydrocannibinolic Acid (Δ9 THCA, Cerilliant part 
number T-093)

• Cannabidiol (CBD, Cerilliant part number C-045)

• Cannabidiolic Acid (CBDA, Cerilliant part number C-144)

• Cannabigerolic Acid (CBGA, Cerilliant part number C-142)

• Cannabigerol (CBG, Cerilliant part number C-141)

• Cannabichromene (CBC, Cerilliant Part number C-143)

• Tetrahydrocannabivarian (THCV, Cerilliant part number T-094)

• Cannabinol (CBN, Cerillaint part number C-046)

Stock solutions were prepared in methanol for calibration 
curves.  Standards were mixed at different concentrations 
to create calibration curves with linear ranges that would 
reflect expected marijuana flower and extract concentra-
tions for the analytes.  Table 1 details the procedure for 
calibration curve stock solution and limits of detection for 
flower and extract samples. Both sample types, extracts 
and flower samples, are able to utilize the same curve. 
374 Labs has found that the majority of samples fit with in 
the stated linear range. For samples exceeding the linear 
range, a quick dilution of the prepared sample can easily 
bring the final extract concentration back into the range of 
the calibration curve.
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The eight-point calibration curve was prepared via seri-
al dilution as shown in Table 2. Samples were made in 
ultra-recovery style vials. This method of preparation is 
necessary as the cannabinoid standards are commonly 
only available in concentration less than 1mg/mL (1000 
ppm), due to their illicit status. The described preparation 
is desirable in that it does not involve “drying down” the 
calibration stock solution to further concentrate the stan-
dard, with subsequent enhanced risk of decarboxylation or 
loss of sensitive cannabinoids. 

Table 2: Calibration Dilution Method
Point Methanol (μL) Calibrator (μL)*

1 50 200

2 50 150

3 50 150

4 100 100

5 100 100

6 150 50

7 200 50

8 150 50

Serial dilution utilizes the previous calibration point to 
make the subsequent calibration point. For the first point 
(‘top level’ standard), the calibration stock solution is used 
and mixed with methanol.

Sample Preparation

Cannabis flower and extract samples were analyzed from 
legal medical cultivators and producers in Nevada.  Flower 
samples were ground in a blade mill prior to analysis.  
100 mg of ground flower was placed in a 15 mL glass 
centrifuge tube.  10 mL of HPLC grade ethanol was added 
to the tube and the sample was vortexed for 30 seconds. 
After vortexing, the sample was placed in an ultrasonic 

bath for 30 minutes. Once removed from the bath, the 
sample was centrifuged for 5 minutes at 5,000 rpm.  Once 
removed from the centrifuge 50 uL of the ethanol extract 
is diluted with 950 uL of methanol in a standard HPLC vial.  
The sample is then injected on the HPLC.  For cannabis 
extract samples, the sample preparation is identical, only 
the amount of starting material used was 40 mg.  Extract 
samples were homogenized as follows:  Supercritical 
Carbon Dioxide extracts were placed in a beaker with 
stir bar and heated with mixing for 15 minutes at 40o C.  
Butane Hash Oil samples were found to best homogenized 
by grinding the BHO sample (‘shatter’) with a ceramic 
mortar and pestle under liquid nitrogen.

Method Parameters Table for Instrument

Table 3: Method Parameters
Parameter Description

Column Restek Raptor ARC-18 150mm x 4.6 mm ID, 2.7 μm 
(Cat. #9314A65)

Mobile Phase A) 0.2% Formic Acid

B) Acetonitrile with 0.2% Formic Acid

Flow Rate 1.5 mL/min

Gradient 0 to 1 minunte, 68% B

1 to 6 minutes, 68 to 100% B

6.01 to 7 minutes, 100% B 

Posttime 1 minute at 68% B

Temperature 30o C

Injection 15 μL

Needle Wash Flush with Methanol

Detection VWD 228 nm (5 Hz)

Table 1: Calibration Stock Solution and Range for Cannabis Flower Samples and Extracts
Analyte Standard Added 

(uL)
Concentration 

(PPM)
Lower Limit of 
Quantification 

(PPM)

Lower Limit of 
Quantification 

(wt%)

Upper Limit of 
Quantification 

(PPM)

Upper Limit of 
Quantification 

(wt%)

Δ9-THC 75 250.00 0.31 0.05% 200 100.00%

THCA 75 250.00 0.31 0.05% 200 100.00%

CBD 50 166.67 0.19 0.05% 133 66.67%

CBDA 50 166.67 0.19 0.05% 133 66.67%

CBGA 10 33.33 0.19 0.04% 27 13.33%

CBG 10 33.33 0.19 0.04% 27 13.33%

CBC 10 33.33 0.19 0.04% 27 13.33%

THCV 10 33.33 0.19 0.04% 27 13.33%

CBN 10 33.33 0.19 0.04% 27 13.33%
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Results and Discussion

The aim of this work was to establish a quick and robust sam-
ple preparation and analysis method amenable to routine 
performance by both trained chemists in laboratory settings 
and cannabis cultivators with little to no analytical experi-
ence. The primary objective was to create a sample prepa-
ration and analysis protocol that is simple, cost effective, 
reproducible, and flexible- such that a single method would 
enable analysis of both cannabis flowers and extracts. 

The method was validated based on methodology from 
the Clinical Laboratory Improvement Amendments 
(CLIA), developed by the Centers for Medicare and Med-
icaid Services (CMS). CMS regulates all laboratory testing 
(excluding research) performed on humans and human 
specimens in the United States. In total, CLIA covers over 
250,000 laboratories in the United States and is the most 
recognized program dealing with laboratory operations 
and procedures 5. The major objective of the CLIA program 
is to safeguard laboratory testing to make certain accurate 
results are reported. The purpose of “method validation” of 
Laboratory Developed Tests is to create and implement a 
method-specific quality assurance protocol, which ensures 
that reported results are reliable6. The process of validation 
is broken down into the following components and were 
applied to this developed method:

1. Accuracy: 
Comparison between other methods

2. Precision: 
Inter/intra day testing

3. Reportable linear range: 
Performance of instrument/sample prep calibration curves

4. Extraction efficiency: 
Recovery of selected analytes

Accuracy 

Accuracy is the concept that the result obtained from the 
developed laboratory testing method is in agreement with 
the true result. Method accuracy, for any given test mate-
rial, can be proven and certified by comparing results be-
tween the newly developed laboratory testing method and 
the “reference” method. Additionally, method accuracy can 
be established by utilizing the newly developed laboratory 
testing method to analyze certified reference material.    

The problem with this approach to cannabis samples is 
the lack of validated, published methods for cannabinoid 
concentration, and lack of certified matrix matched refer-
ence material. Because of this, the method was validated 
against a method previously developed for LC-MS/MS.  
This LC-MS/MS method was validated using QC reference 
material and through comparison with other cannabinoid 
testing laboratories in Nevada. The LC-MS/MS underwent 
the same above method validation protocol and was used 
as a reference test, to ensure the samples would result in 
similar values regardless of the choice of sample prepara-
tion or analytical method employed (typically HPLC-UV or 
LC-MS/MS.)  

Twenty samples were used for the accuracy study; 10 
cannabis flower/trim samples and 10 cannabis extract 
samples were prepared by different sample preparations 
for both HPLC and LC-MS/MS.  Samples were processed 
the same day and run overnight on the respective HPLC 
and LC-MS/MS instruments. Results obtained showed 
good analytical agreement, with all results within 25% of 
each other. For instance, if a given sample has 20% analyte 
content, analyzed values should fall within the range of 
16-24%.

Table 4 : Analyte Accuracy Study: Total Potential THC

Strain Name/type HPLC-UV (wt%) LC-MS/MS (wt%) Mean
Weight percent

HPLC LC-MS

Super Lemon Haze Flower 19.04% 20.59% 19.81% -0.77% 0.77%

Super Lemon Haze Flower 20.99% 21.66% 21.32% -0.34% 0.34%

Super Lemon Haze Flower 18.00% 20.47% 19.23% -1.23% 1.23%

Platinum Ribbon Flower 16.98% 15.72% 16.35% 0.63% -0.63%

Third Dimension Flower Trim 16.52% 17.79% 17.16% -0.64% 0.64%

Sour Diesel Flower 21.43% 22.10% 21.76% -0.33% 0.33%

Gumbo Flower 22.03% 22.31% 22.17% -0.14% 0.14%

The Tahoe OG Flower 22.24% 23.57% 22.91% -0.66% 0.66%

Average Deviation from Mean -0.44% 0.44%

*Pass/Fail Determined by comparing result from HPLC with mean of HPLC and LC-MS. The analyte was deemed to pass if it fell within +/- 25% of mean.
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Precision 

The Precision (also known as ‘reproducibility’) of a labo-
ratory testing method is the extent to which the method 
ensures accuracy (a) within a run, (b) between runs and 
(c) between days.  This is commonly referred as “intra/in-
ter-day testing”.  For this method Quality Control material, 
prepared previously for laboratory QC policy, was utilized.  
This laboratory quality control material was made by com-
bining cannabis flowers and extracts to produce a sample 
representative of the normal cannabinoid range antici-
pated for cannabis samples. The QC material is run every 
day, and samples are processed and analyzed to ensure 
that both sample preparation and analysis are performed 
accurately. These samples have been analyzed by both 
HPLC and LC-MS/MS, and the concentrations of the ana-
lytes are well-defined within the laboratory. This material 

was prepared and analyzed as sets of 5 intra-day tests of 
the same sample, QC-Low and QC-High, and analyses were 
performed over an inter-day period of 3 days.   

Accuracy was accessed daily on each of the samples 
based on the mean QC value determined previously by 
the laboratory as mean value ± 25%. All samples fell within 
the required accuracy range. The mean response for each 
of the analytes on each day was determined in order to 
statistically assess whether all the analytes fell within the 
precision requirement of mean value ± 25%. The mean for 
each day were compared for precision of the interday runs.  
All of the interday testing was within the range of mean  
± 2 standard deviations testing. Tables 5 and 6 detail the 
statistical interday precision study. Intraday tables are 
attached as supplementary documents.

Table 5: Precision Testing - Low (Low QC) - Interday
Low Level Control Constituents Measured Concentration (wt. %) Statistics Precision Testing (wt. %)

Drug Compound Conc. 
(wt%) Day 1 Day 2 Day 3 Mean Conc. 

(wt%) SD % CV Precision 
Low

Precision 
High

Within Precision 
(True/False)**

CBC 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% NA 0.00% 0.00% TRUE

CBD 0.34% 0.26% 0.26% 0.42% 0.32% 0.09% 28.0 0.14% 0.49% TRUE

CBDA 11.43% 11.76% 11.67% 11.67% 11.70% 0.05% 0.4 11.60% 11.80% TRUE

CBG 0.29% 0.24% 0.23% 0.23% 0.23% 0.01% 2.6 0.22% 0.25% TRUE

CBGA 0.84% 0.85% 0.84% 0.83% 0.84% 0.01% 1.5 0.82% 0.86% TRUE

CBN 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% NA 0.00% 0.00% TRUE

THC 4.89% 4.33% 4.30% 4.62% 4.42% 0.18% 4.0 4.06% 4.77% TRUE

THCA 13.59% 15.27% 15.22% 15.16% 15.22% 0.05% 0.4 15.11% 15.33% TRUE

THCV 0.10% 0.09% 0.09% 0.10% 0.09% 0.01% 5.7 0.08% 0.10% TRUE

Table 6: Precision Testing - High (High QC) - Interday
Low Level Control Constituents Measured Concentration (wt. %) Statistics Precision Testing (wt. %)

Drug Compound Conc. 
(wt%) Day 1 Day 2 Day 3 Mean Conc. 

(wt%) SD % CV Precision 
Low

Precision 
High

Within Precision 
(True/False)**

CBC 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% NA 0.00% 0.00% TRUE

CBD 0.68% 0.57% 0.57% 0.81% 0.65% 0.14% 21.3 0.37% 0.93% TRUE

CBDA 21.20% 21.92% 21.90% 21.51% 21.78% 0.23% 1.1 21.31% 22.24% TRUE

CBG 0.58% 0.47% 0.46% 0.44% 0.46% 0.01% 2.7 0.43% 0.48% TRUE

CBGA 1.85% 1.64% 1.63% 1.57% 1.62% 0.04% 2.3 1.54% 1.69% TRUE

CBN 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% NA 0.00% 0.00% TRUE

THC 8.68% 8.41% 8.39% 8.92% 8.58% 0.30% 3.5 7.98% 9.17% TRUE

THCA 26.62% 27.60% 27.71% 27.17% 27.49% 0.28% 1.0 26.93% 28.06% TRUE

THCV 0.24% 0.23% 0.20% 0.21% 0.21% 0.01% 5.5 0.19% 0.24% TRUE
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Reportable Range

Reportable range is defined as the range in which the instrument response to a range of concentrations remains linear.  
This is shown generally by a graph detailing concentration on the x-axis and either absorbance, area under curve (AUC), or 
response on the y-axis. This graph is known as a calibration curve.  The linearity is judged by the square of the coefficient 
of determination, also known as the R2 value. The R2 value is the statistical determination of the linear fit of the calibration 
curve in how well the regression model fits the actual data points.  The general standard for analytical results are R2 values 
greater than 0.98. R2 values less than 0.98 can result in inaccurate data; the best-fit possible will result in an R2 value of 1.  

The cannabinoids linear range was shown to possess excellent linear fit, with all R2 values greater than 0.99. The R2 values, 
example calibration chromatograms and calibration curves are shown in Figures 2, 3 and 4, and Table 7.

Table 7: R2 Values of cannabinoid analytes

Number Cannabinoid R2 Value Retention Time  (min)

1 CBDA 0.9979 3.907

2 CBGA 0.9983 4.116

3 CBG 0.9983 4.209

4 CBD 0.9987 4.313

5 THCV 0.9985 4.457

6 CBN 0.9979 5.22

7 THC 0.9939 5.708

8 CBC 0.9984 6.119

9 THCA 0.9981 6.31

Figure 2: High calibration point, Calibration point 1

Figure 3: Calibration point 7, THCA and THC at 1.56 ppm, 
CBD and CBDA at 0.94 ppm.  All other compounds at 0.19 
ppm concentration.  This is the LOQ for CBGA, CBG, CBN, 
CBC and THCV.Agilent 1260 LC system
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Figure 4: Calibration curves of Cannabinoid analytes with linear fit tread-line applied, detailing linear fit.

The presented method allows the utilization of a single 
analyte calibration curve to quantitate both cannabis 
extracts and flower samples. This enables the end user 
to quickly build a calibration curve and prepare samples 
using near identical sample preparation methods. This 
method creates simple workflow and the ability to easily 
process both cannabis flower and extract samples without 

added complexities. The end user can adjust the starting 
sample mass (40 mg for cannabis extracts and 100 mg for 
cannabis flower samples), to change the weight percent 
limit of quantification, while still maintaining the same 
“on-column” ppm concentrations.  This creates the follow-
ing limits of quantification as shown in Table 8.
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Table 8: Calibration Curves Limit of Quantification for Flower and Extracts
Analyte Lower Limit of  

Quantification (PPM)
Flower Lower Limit of  
Quantification (wt%)

Extract Lower Limit of  
Quantification (wt%)

Δ9-THC 0.31 0.05% 0.13%

THCA 0.31 0.05% 0.13%

CBD 0.19 0.05% 0.13%

CBDA 0.19 0.05% 0.13%

CBGA 0.19 0.04% 0.10%

CBG 0.19 0.04% 0.10%

CBC 0.19 0.04% 0.10%

THCV 0.19 0.04% 0.10%

CBN 0.19 0.04% 0.10%

The limit of quantification (LOQ) is based on the calibra-
tion curves above as the lowest calibration point includ-
ed in the calibration curve. The measure of sensitivity is 
applied to ensure the points are not only present, but also 
above the noise range. The measure of signal to noise is 
applied to ensure that all the LOQ points have a signal to 
noise greater than 10 while at the same time falling within 
the linear region of the calibration curve.

Extraction Efficiency: 

Assessment of extraction efficiency is necessary to ensure 
that the developed method is able to extract all of the 
analytes of interest from a given sample. Cannabis extracts 
are easily dissolved into ethanol. However, cannabis flower 
can cause inefficiencies in extraction due to the solid 
matrix and the inability of ethanol to completely dissolve 
the plant material. Additionally, cannabinoids are typically 
bound within the plants glandular trichomes and require 
a solvent-based extraction methodology to completely 
remove them from the matrix7.  

As a way to assess sample recovery of the method, sam-
ples were extracted in duplicate using the presented meth-
od sample preparation. After the samples were extracted, 
the plant material was vacuum filtered and washed with 
ultrapure water to remove remaining ethanol.  The filter 
paper containing the extracted plant material was placed 
in a drying oven overnight at 40oC and the plant material 
was weighed out, prepared as previously described, and 
injected on the HPLC.  

The flower sample OG Kush #18 was found to have the high-
est concentration of the samples prepared for the extraction 
study at 25.4 weight percent THCA (126.9 ppm).  After filter-
ing and drying the replicate plant material, the re-extraction 

of this plant material resulted in a peak near the detection 
limit at 0.4 ppm, the equivalent of 0.08 weight percent THCA.   
Similar results were observed for other flower samples, and 
lower concentration THCA flower was shown to have an 
unobservable THCA peak. The extraction efficiency for the 
method presented resulted in an extraction efficiency of 
over 99.5%. The results of the double extraction on the OG 
Kush #18 are shown in Figure 5.   

Figure 5: Chromatograms of extraction efficiency exper-
iment for OG Kush #18 samples. The extraction sample 
prep method was shown to recover greater than 99.5% of 
the cannabinoids present in the sample.
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The following figures (6-9) detail the sample preparation 
and chromatography achieved for various types of canna-
bis samples for the aforementioned method.

Figure 6: Agent Orange mid grade flower (THCA: 13.72% - 
THC: 0.21%)

Figure 8: VC-DC Oil, CBD: THC Oil 1:2 ratio (CBC: 1.46% - 
CBD: 22.72% - CBDA: 9.23% - THC: 44.84% - THCA: 3.14%)

Figure 7: Incredible Power 4 High CBD Flower (CBD: 0.28% 
- CBDA: 11.08% - THC: 0.57% - THCA: 6.87%)

Figure 9: Sour Tangie Oil High THC content (CBC: 0.90% - 
THC: 65.56% - THCA: 10.48%)
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About 374 Labs

374 Labs is a full service ISO/ICE 17025:2005 accredited laboratory developing cutting-edge 
methods and technologies to provide the most accurate and reliable analytical results.

 374 Labs works with Cultivators, Producers and Laboratories to identify the most effective 
approach to industry challenges. Located in Sparks, Nevada, 374 Labs provides quality, cost-
effective and convenient analytical testing and laboratory consulting services to address the 
state’s growing agricultural and marijuana testing industry. Together with their partners, they 
strive to produce sample data of the highest quality and integrity, ensuring the health and 
safety of consumers.

Conclusion

The Agilent 1260 Infinity LC system is a robust, moderately priced instrument ideally suited to the task of speciating and 
quantitating cannabinoids isolated from cannabis flower and solvent / CO2 extracts. This application note demonstrates 
the ability of the Agilent 1260 system to facilitate reliable, high-throughput quantitation of cannabinoids with accuracy 
and system stability rivaling LC/MS/MS systems, yet with much lower consumable and operating costs. The superior linear 
range of the instrument brings down per-sample costs and increases determination accuracy by obviating extensive and 
error-prone sample dilution steps prior to instrumental analysis. 
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