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Abstract

A method has been developed on the Agilent 220 Quadrupole Ion Trap using

EI-MS/MS for the identification and quantification of Delta-9-THC, 11-Hydroxy-THC, 

and 11-Nor-Delta-9-THC-COOH in biological samples. A working range of

2.5–25.0 ng/mL for Delta-9-THC and 11-OH-THC and 5.0–150 ng/mL for THC-COOH 
shows the method linearity. In the analysis of Cannabinoids, the benefits of using GC 
Quadrupole Ion Trap MS\MS cannot be underestimated, in terms of reducing sample 
matrix interference, improving signal-to-noise and coupling its high selectivity and 

sensitivity.

Introduction

The major psychoactive component of marijuana, delta-9-tetrahydrocannabinol
(Delta-9-THC) is quickly cleared from the blood detection of the hydroxyl-metabolite 
(11-OH-THC) and its ratio to the parent compound can be used to interpret the 
approximate time of use. The carboxylic acid metabolite (THC-COOH) may be 
detected in blood and urine for days after use of marijuana, and merely indicates 
past use of marijuana.
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This application note describes a method for the analysis of
serum, whole blood, vitreous fluid, urine, or tissue
homogenates. A minimum of 2.0 mL of sample is required for
analysis.

The Delta-9-THC, 11-OH-THC, and the THC-COOH metabolites
are extracted from deproteinized whole blood, serum, or
hydrolyzed urine, separated by liquid: liquid extraction, con-
centrated, and derivitized with BSTFA. Ion fragmentation for
the resultant silyl-derivatives and the respective deuterated
internal standards by GC/MS facilitates the identification and
quantitation of both the parent compound and the primary
metabolites.

Experimental

Standards and reagents
Reagents - Methanol, Hexane, Ethyl Acetate - Nanopure,
Acetonitrile- HPLC grade, Glacial Acetic acid, Sodium
Hydroxide: 0.5 N NaOH, 100 mM Phosphate Buffer- pH 6.8,
Beta-glucuronidase enzyme (E.coli, Type IX)(Sigma Chemical
Co.) 

• Reconstitute the lyophilized enzyme so that 0.1 mL 
contains 2,500 units.

• Dilute the 25,000 unit vial with 10 mL deionized H2O or the
1 million unit vial with 40 mL of deionized H2O. 

• Make aliquots of the solution in 1.5 mL plastic tubes

(Stable one year, stored frozen)

Extraction solvent - (7:1 Hexane: Ethyl Acetate) (Stable at
room temperature for 1 year), BSTFA+ 1% TMS (United
Chemical Technologies or Sigma Chemicals)

Standards - Delta-9-THC, 9-Carboxy-11-Nor-Delta-9-THC,
11-Hydroxy-Delta-9-THC, d-3 Delta-9-THC, d-3 9-Carboxy-11-
Nor-Delta-9-THC, d-3 11-Hydroxy-THC standards were pur-
chased from Cerilliant. Quality Control stocks were purchased
from Grace (Altech).

Intermediate calibration and QC standards - 1,000 ng/mL
and 100 ng/mL

Working internal standard - 2.0 µg/mL

Calibration standards were then made from the intermediate
standards:

Calibrator 1 - (2.5 ng/mL   of Delta-9-THC, 11-OH-THC and
5.0 ng/mL THC-COOH)

Calibrator 2 - (5.0 ng/mL   of Delta-9-THC, 11-OH-THC and
10.0 ng/mL THC-COOH)

Calibrator 3 - (10.0 ng/mL of Delta-9-THC, 11-OH-THC and
25.0 ng/mL THC-COOH)

Calibrator 4 - (25.0 ng/mL of Delta-9-THC, 11-OH-THC and
75.0 ng/mL THC-COOH)

Controls and Calibration Standards
Negative control - Drug free whole blood obtained from
American Red Cross, dilute 1:1 with normal saline (0.9%)
store at –20 °C, stable for 1 year. 

Negative control - Drug free urine

Low control - (5.0 ng/mL) 100 µL of the 100 ng/mL
Intermediate QC standard into 2.0 mL negative whole
blood/urine, prepare fresh for each run. 

High control - (20.0 ng/mL) 40 µL of the 1,000 ng/mL
Intermediate QC standard into 2.0 mL negative whole
blood/urine, prepare fresh for each run. 

Urine control - (18 ng/mL) Confirmation QC (C3); 
purchased from Bio-RAD Corporation.

Sample Preparation
Prepare a calibration curve using the following and drug free
blood/urine in 16 × 100 mm culture tubes.

Internal std.
THC/OH-THC 
100 ng/mL

THC/OH-THC 
1,000 ng/mL

THC-COOH 
100 ng/mL

THC-COOH 
1,000 ng/mL

Drug free 
blood/urine

Calibrator 1 50 µL 50 µL 100 µL 2 mL

Calibrator 2 50 µL 100 µL 20 µL 2 mL

Calibrator 3 50 µL 20 µL 50 µL 2 mL

Calibrator 4 50 µL 50 µL 150 µL 2 mL
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14. Transfer the organic layers to the labeled corresponding
tubes containing the organic from the previous basic
extraction.

15. Concentrate the organic solvents under a stream of
nitrogen at 40 °C.

16. Add 100 µL BSTFA with 1% TMS to each dried extract and
heat for 15 minutes at 70 °C.

17. Transfer the BSTFA to auto-sampler vials with inserts, cap
and transfer to GCMS for analysis.

Column Agilent DB-5ms Ultra Inert or equivalent 
25 m × 200 mm, 0.33 µm

Injection volume 1 µL

Injection mode Splitless

Inlet temperature 250 °C

Carrier gas Helium

Column flow 1.3 mL/min

Oven program 160 °C; 1.0 minute hold
25 °C/min to 260 °C, 2.0 minute hold
5 °C/min to 300 °C, 1.0 minute hold

Tune Auto-tune

Acquisition EI-MS/MS 200-380 da

Solvent delay 7.0 minutes

MS temperatures Trap 210 °C, manifold 50 °C, transfer line 310 °C

Compound Rt(min) Precursor Quant ion Qualifiers Excit volt Filament Multiplier Target 

THC d-3 7.921 374 308 292/268 0.4 V 50 µA +100 V 5,000

THC 7.944 371 305 289/265 0.4 V 50 µA +100 V 5,000

OH-THC d-3 10.193 374 308 292/268 0.4 V 50 µA +100 V 5,000

OH-THC 10.225 371 305 289/265 0.4 V 50 µA +100 V 5,000

THC-COOH d-3 11.731 374 308 292/268 0.4 V 50 µA +100 V 5,000

THC-COOH 11.765 371 305 289/265 0.4 V 50 µA +100 V 5,000

Procedure
1. To each tube containing urine, pipet 200 µL working

beta-glucuronidase enzyme and 0.5 mL of pH 6.8
phosphate buffer.

2. To each urine and 2 mL aliquot of samples or controls,
add 50 µL of the working internal standard.

3. Cap, mix, and place urine samples in a 37 ° incubator
overnight.

4. Place capped tubes with blood samples into a refrigerator
for temporary storage.

5. Remove tubes from the incubator and refrigerator, allow
to reach room temperature.

6. Pipet 4.0 mL of Acetonitrile to each tube containing blood
while vortexing the tube.

7. Vortex mix until deproteinization is complete.

8. Centrifuge the blood tubes and decant the supernatant
into clean 16 × 100 mm test tubes.

9. Concentrate to approximately 1.0 mL by evaporating the
supernatant at 60 °C.

10. To the concentrated blood extracts and the urine samples,
add 0.5 mL of 0.5 N NaOH and 4 mL of 7:1 hexane:ethyl
acetate extraction solvent.

11. Cap and rotate mix the tubes for 10 minutes.

12. Centrifuge and transfer the organic layers (upper) to clean
16 × 100 mm disposable culture tubes.

13. Add 0.5 mL of glacial acetic acid to the extraction tube,
cap and rotate 10 minutes.

GC/MS Ion Trap Analysis

Quadrupole Ion Trap MS Conditions
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THC Calibration

Results and Discussion
The following criteria are used to determine the presence and
amount of THC,OH-THC and THC-COOH:

• The chromatography is acceptable (peak resolution, peak
symmetry, absence of carryover).

• The selected ions for quantitation and qualification are
present.

• Ion ratios are within 20% of the target values determined
from the calibration.

• The retention times of the presumed Cannabinoids from the
test specimen are within ± 2% of the retention times for
the latest calibration.

Linearity 2.5–25.0 ng/mL for Delta-9-THC and 11-OH-THC
5.0–150 ng/mL for THC-COOH

Limit of Detection (LOD) 1.0 ng/mL – THC and OH-THC 
5.0 ng/mL – THC-COOH

Limit of Quantitation (LOQ) 2.5 ng/mL – THC and OH-THC 
10.0 ng/mL – THC-COOH

Carryover No carryover noted

Interferences None known

The area of the Cannabinoids and the internal standard quan-
titative ions are used for quantitative analysis. Quantitation is
accomplished by comparison of the relative response of
unknowns and controls against a calibration curve produced
from the relative responses for each calibrator concentration.
The positive controls must be within their target ranges and
the Cannabinoids must be absent in the negative control.

Method Limits

THC Low Standard 2.5 ng/mL
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OH-THC Calibration
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Note tags for outliers and below calibration.

Batch Results
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THC-COOH Calibration
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Batch Results

Note tags for outliers and below calibration.
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Batch Results

Note tags for outliers and below calibration.
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For More Information

These data represent typical results. For more information on
our products and services, visit our Web site at
www.agilent.com/chem.

Conclusions 
This application note presents a sensitive, selective, and 
robust method to determine Pyrovalerone Analogs in biologi-
cal samples using Ropivacaine as an internal standard. For 
the analysis of Pyrovalerone Analogs, the benefits of GC 
Quadrupole Ion Trap MS\MS cannot be underestimated. In 
terms of reducing sample matrix interference, improving 
signal-to-noise and coupling its high selectivity, and sensitiv-
ity the GC Quadrupole Ion Trap MS\MS provides a more confi-
dence driven solution for the analysis of Pyrovalerone 
Analogs. GC Quadrupole Ion Trap MS\MS analysis has the 
potential to reduce false positive and negatives as well as 
providing an additional degree of confidence in the results 
obtained. Using the optimized method listed above, a fast, tar-
geted GC/MS/MS analytical method can be used to solve the 
current Pyrovalerone Analog analysis problem facing forensic 
laboratories.  Positive controls were used in conjunction with 
negative controls to assure accurate quantification and rule 
out false negatives in the unknown biological samples. Low 
nanogram/mL detection limits were observed for 
Pyrovalerone Analogs in various sample matrices.
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