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A 6-point calibration curve was created from CPI Category I and II standards. An
aliquot of 150 µL was placed in a 20 mL headspace vial and capped. Butyl acetate
was used as diluent solvent. Concentration ranges and calculated sample amounts
are listed in Table 1. Quality Control standards were prepared by weighing a minimum
of 250 mg of methyl cellulose (substitute matrix), and spiked with residual solvents
standards to obtain a Level 5 concentration in the QC samples tested.

In the cannabis industry, many different solvents are used in the extraction process,
each one classified based on the level of toxicity. Also, sample preparation is difficult
with cannabis matrices due to their lack of solubility, and the limitation of available
non-interferent diluent solvents. The ideal way for testing is direct analysis of the
sample in a headspace vial without any sample preparation involved. However, this
can be challenging if high sample amounts are required. Furthermore, other method
development challenges exist, such as co-elution of several residual solvent analytes
or mass-to-charge interferences from the environment. Finding an acceptable balance
between proper separation for unequivocal identification and quantitation, and
reasonable analysis throughput time can be complicated. The work described herein
demonstrates the viability of headspace GC-MS with SIM mode for the analysis of
twenty Category I and II residual solvents, including three soluble gases, which may
be present in cannabis products.
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• In this poster, a GC-MS method using Selected Ion Monitoring (SIM) with headspace injection was
developed for the analysis of cannabis concentrates. This includes the identification and use of
appropriate standard mixes and diluent solvents for simple preparation of calibration curves, as well as
method optimization to eliminate or minimize co-elution and ambient interferences for maximum
sensitivity and accuracy in quantitation, all without compromising run time. Moreover, method parameters
and hardware configuration changes were performed to accommodate high sample size requirements for
compliant testing. These were conducted to avoid analytical column overloading and MS detector
saturation, while directly testing sample without preparation steps.

• Results showed good coefficient of determination and accuracy % for calibrator standards. The curve fit
type used is Quadratic with a 1/C weighing regression. All QC samples (Initial Calibration Verification,
Continuing Calibration Verification, Laboratory Control Sample, and Laboratory Replicate Sample)
showed good recovery %.

• “Analysis of Residual Solvents – Class 1, Class 2A, Class 2B in Pharmaceuticals using Headspace-
GC/MS”, Shimadzu’s application note.

• “A Fast, Simple FET Headspace GC-FID Technique for Determining Residual Solvents in Cannabis
Concentrates”, Restek’s application note.

• “Protocol for Quantitative Determination of Residual Solvents in Cannabis Concentrates”, Restek’s protocol.
• Current BCC Cannabis Regulations (January 2019), 

https://www.bcc.ca.gov/law_regs/cannabis_order_of_adoption.pdf
• Photos shown in Figure 4, and GC-MS data shown in Figure 5 are courtesy of Caligreen Cannabis Testing

Laboratory in South California.

Figure 3. Top Left Panel – Representative image of Total Ion Chromatogram (TIC) showing the 20 Residual Solvent peaks analyzed in a standard sample. Bottom Left Panel – Zoomed-in version to show smaller solvent peaks.
Right Panel – Representative images of selective ion monitoring (SIM) m/z ion peaks for each residual solvent analyzed in the standard sample and its associated calibration curve.

The images shown on Figure 4 provide a visual example of the many varying types of concentrate
and pre-roll samples that are received in the laboratory for the state-required residual solvent
analysis. Headspace analysis is ideal for these types of samples because of the high volatility of
residual solvents. These sample types can be weighed and analyzed directly in a headspace vial.
Therefore, minimizing the amount of manual sample handling required and time spent in sample
preparation.

Figure 4. Picture of some of the variety of 
concentrate and pre-roll samples received in 
cannabis testing laboratories for the analysis of 
residual solvents. 

A representative portion of at least 250mg in sample size taken from the pre-roll sample shown in
Figure 4 was weighed in a 20mL headspace vial for residual solvent headspace analysis using
GC-MS. The results from the analysis are shown in Figure 5. Ethanol, methanol, acetone,
isopropanol, and acetonitrile were identified in the sample, but with a quantitation result below the
State regulated action level for each of these residual solvents. Therefore the sample passed the
residual solvents test.

Figure 5 . Representative GC-MS SIM 
chromatograms for the Category II residual solvents 
methanol, ethanol, acetone, isopropanol, and 
acetonitrile found in an aliquot sample from the pre-
roll pictured in Fig. 4. 

All 20 Residual Solvents can be
identified with the SCAN method
(Figure 3 Left Panel). In order to
meet state action limit for Category
I residual solvents, a SIM method
was needed. Complete peak
resolution is not required when
operating in SIM mode. A target ion
and a minimum of one reference
ion were selected for each residual
solvent for quantitation using the
SIM method developed. The
calibration curves were based on a
quadratic fit with 1/C weight factor
(Figure 3 Right Panel). Accuracy %
results for the external standard
calibration curve met acceptable
criteria (Table 3) for all residual
solvents, and spiked QC samples
met recovery % criteria (Table 4).
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