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Introduction 
The advent and subsequent proliferation of novel hemp-based consumer 
products in the last 5-10 years has introduced an abundance of new 
products to the market. The manufacturers of these products want to use 
the best extraction method to isolate the desired components from the 
hemp stalk, seeds, leaves or other parts of the plant. Typical extraction 
methods use solvents or gases. Residual solvents and gases should be 
monitored in the raw materials generated or final products produced, in 
order to evaluate potential contamination of the product. A list of 
approximately 30 gases and solvents including propane, isobutane and 
n-butane, as well as isomers of heptane and the common components of 
petroleum ether were compiled and evaluated for their performance 
using a headspace gas chromatography-mass spectrometry (HS-GC-MS) 
assay based on USP <467> methodology. Carbon dioxide was not 
evaluated, as it is generally regarded as a safe extraction gas, using a 
supercritical fluid extraction (SFE) methodology. An overview of target 
analytes is provided in Table 1. The accuracy and precision of the 
method were evaluated based on analysis of blank samples spiked with 
target analytes. The matrices included in the validation were ground 
hemp plant, ground hemp seeds, hemp oil and CBD isolate. The method 
and validation data statistics generated from various matrices are 
presented below.

 

Sample Preparation and Analysis
The preparation procedure involves dilution or dispersion of the sample 
matrix in a mixture of N,N-dimethylacetamide (DMAC) and dimethyl 
sulfoxide (DMSO) 1:1, (v/v) followed by addition of ultra-purified water.

The sample vials are heated at 80°C for 15 minutes while mixing.  
A 1 mL portion is removed from the headspace with a heated syringe and 
injected onto the GC-MS instrument. The HS-GC-MS parameters of the 
method are provided in Tables 2-4.

Results
The method validation evaluated specificity, linearity, accuracy, precision 
and limit of quantification (LOQ). Identification of solvents and gases  
in samples was based on comparison of the retention time and  
qualifier-to-quantifier ion ratio(s) to those recorded in the reference 
standards. For all reported results in the evaluated samples, the retention 
time was within ± 0.1 minutes of peak retention time observed for each 
particular analyte in a reference standard. The ion response ratio(s) 
observed in the samples was within ± 30% of the average ion response 
in standards for at least one qualifier/quantifier ion pair. Figures 1  
through 3 provide example chromatograms for target analytes in soybean 
and hemp oil. The hemp oil was analyzed as part of a proficiency test in 
conjunction with Emerald Scientific and Absolute Standards.

The calibration function was determined using oil matrix-matched working 
standard solutions. At least three and four different concentrations levels 
were used for generation of linear and quadratic calibration curves, 

calculated for individual standards were within ± 20% of the theoretical 
concentration for all analytes.

Multiple spiking levels were included in the validation, to cover a range of 
potential positive findings in real samples. Table 5 provides a summary of 
the recoveries and RSDs (n = 5-10) for the lowest level validated (LOQ) 
in hemp oil, hemp seed, ground hemp and CBD isolate. The recoveries 
of many analytes in certain matrices were improved by addition of the 
matrix-matching oil to the samples and calibration standards. 

 

Conclusions
Generally, acceptable recoveries between 70 and 120% with RSDs 
below 20% were obtained across the range of analytes, concentrations 
and matrices tested. However, there are several specific combinations 
that provided results not meeting the accuracy criteria, while acceptable 
RSDs were obtained. These included propane, n-butane and iso-butane  
in all evaluated matrices. Gaseous analytes would theoretically be 
expected to be encountered infrequently, as the extraction of hemp is 
trending towards the use of supercritical fluid extraction. Additionally, 
considering the volatility of these analytes, the likelihood of a detection 
high enough to produce a failing result is expected to be unlikely. At the 
other end of the chromatogram the xylenes (and ethylbenzene) gave 
poor recoveries with acceptable RSDs in matrices with lower oil content, 
even with the matrix-matching of the sample with clean oil. In these 
scenarios, method of standard addition has to be used for accurate 
determination of gas or xylene isomer levels. This procedure is designed 
to determine the content of an analyte in a sample, inherently taking into 
account the recovery of the analytical procedure and also compensating 
for any matrix effect.

Future Work
Significant variation for reporting limits across multiple states and 
countries introduces plenty of confusion for customers and contract 
laboratories. With the current method we have sufficient sensitivity to 
adjust the reporting limits and/or include additional analytes. The 
reporting limits summarized in Table 1 may no longer be sufficient in 
several states, such as California, with the newest Bureau of Cannabis 

levels for chlorinated solvents, such as 1,2-dichloroethane, chloroform, 
methylene chloride and trichloroethylene to lower reporting limits  
(1.0 ppm). Additionally, several of these chlorinated solvents were not 
included in previous regulations.

Analyte
CAS Registry 

Number
Reporting  

Level (ppm) LOQ (ppm)
Acetone 67-64-1 180 180

Acetonitrile 75-05-8 180 180

Benzene 71-43-2 2

Butanes - 1,000

     Isobutane (2-Methylpropane) 75-28-5 1,000 45

     n-Butane 1,000 45

Chloroform 67-66-3 25 23

Ethanol 64-17-5 1,000 450

Ethylene Oxide 75-21-8 25 23

Heptanes 8031-33-2 450 405

    2,2,3-Trimethylbutane 464-06-2 50 45

    2,2-Dimethylpentane 50 45

    2,3-Dimethylpentane 50 45

    2,4-Dimethylpentane 108-08-7 50 45

    2-Methylhexane 50 45

    3,3-Dimethylpentane 50 45

    3-Ethylpentane 617-78-7 50 45

    3-Methylhexane 50 45

    n-Heptane 142-82-5 50 45

Methanol 67-56-1 1,000 450

n-Hexane 110-54-3 30 27

Petroleum Ether 8032-32-4 125 125

    2,2-Dimethylbutane 75-83-2 25 23

    2,3-Dimethylbutane 25 23

    2-Methylpentane 107-83-5 25 23

    3-Methylpentane 25 23

n-Pentane 25 23

Propane 1,000 45

2-Propanol 67-63-0 1,000 450

Toluene 108-88-3 85 81

Xylenes 128686-03-3 200 180

    Ethylbenzene 100-41-4 40 31

    m-Xylenes and p-Xylene 108-38-3 and  
106-42-3 140 133

    o-Xylene 20 16

Table 1. Overview of Target Analytes, Reporting Levels and LOQs

Parameter Setting

Vial Heating Temp 80°C

Vial Heating Time 15 min

Injection Volume 1 mL

Carrier gas

Flow Rate 1 mL/min

Inlet Temperature 225°C

Split Ratio 15:1

Run Time 13.55 min

GC Cycle Time 20 min

GC Column DB-624 20 m x 0.18 mm x 1 μm df

Table 2. Autosampler and GC Conditions

Ramp (°C/min) °C Hold Time (min)

- 40 5.3

20 130 0

40 240 1

Table 3. Temperature Program

Parameter Setting

Ionization Mode EI

Data Acquisition SIM and Scan

SIM 3-6 ions per analyte

Scan m/z 15-350

Table 4. MS Parameters

Analyte

Hemp Oil Ground Hemp Hemp Seed CBD Isolate

Mean  
Recovery  

(%)
RSD  
(%)

Mean  
Recovery  

(%)
RSD  
(%)

Mean  
Recovery  

(%)
RSD  
(%)

Mean  
Recovery  

(%)
RSD  
(%)

Propane 72.3 4.2 5.0 64.3 3.3 67.5

Isobutane 4.8 76.8 3.6 3.2 73.3 3.1

n-Butane 102.3 10.3 11.7 72.4 71.6 10.0

Methanol 87.5 12.6 22.8 7.0

Ethylene Oxide 12.5 3.3 5.1 4.4

n-Pentane 85.2 16.6 4.4

Ethanol 4.8 87.6 5.0

2,2-Dimethylbutane 86.5 11.0 2.5 75.8 80.7 3.6

Acetone 15.1 105.0 1.5 106.1 8.4 87.0 3.2

2-Propanol 4.8 4.4 3.4 85.7

Acetonitrile 16.7 2.0 2.2 2.1

2,3-Dimethylbutane 88.2 81.5 2.3 80.3 3.3

2-Methylpentane 14.1 2.2 75.8 1.6 80.7 3.3

3-Methylpentane 10.5 2.4 74.3 1.6 3.7

n-Hexane 10.7 2.1 1.4 3.2

2,2-Dimethylpentane 10.4 1.4 1.0 84.8 3.2

2.4-Dimethylpentane 8.1 1.7 75.4 1.2 85.5 3.0

2,2,3-Trimethylbutane 1.2 76.4 0.8 3.5

3,3-Dimethylpentane 8.0 1.3 74.4 1.1 80.4 3.1

Chloroform 6.7 2.3 83.3 75.8 2.8

2-Methylhexane 6.1 2.5 75.0 1.3 84.5 3.3

2,3-Dimethylpentane 87.1 15.3 1.2 75.5 1.3 4.4

3-Methylhexane 7.6 0.8 74.8 1.2 82.8 3.1

Benzene 10.6 2.1 80.3 2.1 71.8 3.3

3-Ethylpentane 7.1 1.2 74.4 1.4 3.1

n-Heptane 7.5 1.0 74.2 1.8 81.8 3.6

Toluene 7.2 75.4 5.2 62.6 2.8

Xylenes-1  
(Ethylbenzene) 8.1 2.0 70.5 52.7 2.8

Xylenes-2 (m- + p-) 1.7 73.1 12.8 55.7 3.7

Xylenes-3 (o-) 7.6 1.8 70.7 15.6 55.8 3.2

Table 5. Accuracy and Precision Results Obtained at LOQ Figure 1. Example solvent reference standard, matrix-matched with oil 
equivalent to 2X the reporting level.

Figure 2. Example gas reference standard, matrix-matched with oil 
equivalent to 0.25X the reporting level.

Figure 3. Acetonitrile (A), methanol (B), and ethylene oxide (C) in hemp oil 
analyzed during proficiency testing (Emerald Scientific), demonstrating 
good agreement for the qualification fragments (ratios in middle square) 
and quality of r² values.
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