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Introduction
The rising popularity of medical and recreational cannabis 
has dramatically increased the demand for this plant. 
Cultivators of the closely related hops plant and cannabis 
may use pesticides or other chemical residues to protect 
their plants from mold and insects, however few of these 
substances may be legally used in cannabis. The possible 
adverse health effects of unapproved chemicals have 

drawn signi�cant public attention. Many chemical residues 
may be measured using LC-MS however GC-MS is also 
needed for some compounds. In this work we used 
GC-MS-MS with a modi�ed QuEChERS extraction and 
cleanup to rapidly measure pesticides in hops and cannabis 
with high performance.

Method
Test portions of dried hops or cannabis �ower were 
homogenized by grinding and extracted using QuEChERS 
extraction with SPE cleanup. Detection was carried out by 
GC-MS and GC-MS-MS using a GCMS-TQ8040 triple 
quadrupole mass spectrometer. Pesticide recovery was 

determined using spiking experiments and calibration 
curves were prepared using matrix matched standards. All 
cannabis analysis was carried out in state-certi�ed testing 
labs with proper licenses in force.

Figure 1 Modi�ed QuEChERS Extraction

Grind weighed 
test portion (1.5 g)

SPEX GenoGrinder,
2 metal balls, 5 min
at 1500 rpm

Hydrate 15 mL
water, shake 
30 min

15 mL 1%
acetic acid in ACN
shake 30 min

Add AOAC
QuEChERS salts
vortex 2 min
centrifuge

Clean up aliquot
of supernatant
by dSPE

Table 1  Method conditions

Inj. Temp : 250 ºC

Inj. Mode : Splitless (High Press. Inj. 250 kPa, 1.5 min)

GC Column : Rxi-5MS (30 m x 0.25 mm ID, df = 0.25µm)

  with Rxi-Guard (5 m x 0.25 mm ID)

GC Oven Temp : 105 ºC (3 min), 10 ˚C/min to 130,

  4 ˚C/min to 200, 8 ˚C/min to 290 (6 min)

Flow Mode : Constant linear velocity (44.1 cm/sec)

Interface Temp : 280 ºC

Ion Source Temp : 230 ºC 
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Figure 2 Various sample cleanup techniques investigated. Z-Sep+ is silica-zirconia-C18 material.
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Figure 3 Representative GCMS chromatogram of pesticides spiked into cannabis matrix blank
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Results and Discussion
QuEChERS extraction with dispersive SPE cleanup were 
tested to determine which provided the best combination 
of pesticide recovery and cleanup for dried �ower cannabis 
samples. A wide variety of dSPE sorbent brands were 
tested and the best results were obtained with Sigma 
Verde dSPE, which removed a large amount cannabinoids 
as shown in Figure 7. Hexane treatment resulted in 
removal of a large portion of the early eluting background, 
which we determined contained low molecular weight 
compounds such as terpenes. The recoveries of some 
pesticides were slightly reduced in the hexane treatment, 
therefore we plan to test different volumes of hexane 

treatment to �nd an optimum amount. Matrix matched 
calibration curves were linear within the quantitation limits 
established for each compound, which was compound 
dependent, but ranged from as low as 20 ppb or lower to 
greater than 500 ppb for a few substances. Detection 
limits and quantitation limits were required to have 3:1 and 
10:1 signal to noise respectively. Recovery was compound 
dependent however the majority were within the range of 
70-120% while outliers above and below the range were 
observed. In a random sampling of 15 dried �ower 
cannabis samples offered for retail sale, pesticides were 
detected in three samples as shown below.

Figure 4 Representative calibration curves.
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Figure 5 Chromatogram of cannabis matrix blank with hexane treatment (black) and without (blue) prepared
 using standard dSPE.
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Figure 6 (Left) Table of recoveries for selected cleanup techniques.
 (Right) Images of various cleanups in progress. (Below) Dirty GCMS liner.
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Figure 7 Chromatogram of cannabis matrix blank with standard dSPE and Verde dSPE. The Verde dSPE
 reduced the cannabinoid level signi�cantly and returned proper retention times to the compounds.

Figure 8 (Left) Chromatogram of hops matrix blank with standard and Verde dSPE. No hexane was used in either sample.
 (Right) Table of results of pesticide analysis in randomly selected cannabis samples.

Dramatic decrease in THC/cannabinoid 
amount with Verde dSPE. Proper 
retention time restored.
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Pesticide analysis in Hops and Cannabis by GC-MS-MS

A method for detection of chemical residues in dried cannabis �ower samples by GC-MS-MS was developed. Our 
method can detect low levels of common pesticides in samples offered for retail sale with excellent selectivity and 
speed. Measurements of a larger selection of commercially available cannabis samples are being carried out.

Conclusion


