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Introduction

The purpose of this poster is to optimize the analytical
setup for the determination of THCCOOH in hair using
GCMS triple-quadrupole technology for highest level of
sensitivity. Analysis of 11-nor-D9-tetrahydrocannabinol-
9-carboxylic acid (THCCOOH) in hair is becoming one
of the most common application for hair analysis. This
relevance lies in the necessity to obtain evidence of
effective drug consumption and dispel any doubt of
passive hair contamination through air.
When cannabis is consumed, THC is mainly adsorbed
by hair during exposure to side stream smoke. For this
reason, positive THC findings are possible in hair
analysis at low concentration ranges also for individuals
who did not consume cannabis, but were exposed to
cannabis smoke. Detection of metabolites, instead,
allows to distinguish ingestion (effective drug
consumption) from contamination. Delta 9 THC (THC)
is the most commonly abused illicit drug and the main
metabolites generated in the body are 11-
hydroxytetrahydrocannabinol (THC-OH) and
THCCOOH.
The purpose of reducing the possibility of false
positives due to external contamination events, has
induced SAMHSA to recommend guidelines that set the
cut-off concentrations for cannabinoids in hair at 1
pg/mg for screening and 0.05 pg/mg of THCCOOH for
confirmation testing. THCCOOH is the most abundant
metabolite, but its concentration in hair is very low.
Therefore, this determination can be extremely
challenging also due to the low amount of hair sample
typically available for analysis. Besides, the chemical
background from the matrix may limit the detection
levels required for this assay.
A sensitive and selective method was developed using
the TSQ8000Evo™ GC-MS/MS as a powerful
technology capable of increasing the signal to noise
ratio and allow the quantitation of THCCOOH in hair at
picograms level.

Method
Sample preparation: The analyte extraction from the
matrix was performed via liquid extraction with 4 mL n-
hexane:ethyl acetate (9:1). Dried extracts were
derivatized with 50 μL PFPA and 25 μL HFIP at 70 °C
and then were reconstituted in 50 μL hexane; 2 μL was
analyzed by GC-MS/MS in NCI mode for the
determination of THCCOOH.

Instrument method: To provide a comprehensive view
of method development and validation, the details for
sample preparation, acquisition and analysis are
described in detail below. It is an essential requirement
that any analytical method is fully validated using hair
matrix. The analysis was performed using Thermo
Scientific™ TriPlus™ RSH Liquid Autosampler
mounted on a Thermo Scientific™
TSQ™ 8000 Evo GC-MS/MS system. Data collection
and processing was performed using Thermo
Scientific™ Trace Finder™ software. The system was
equipped with one Instant Connect Split/Splitless
Injector for the TRACE™ 1300 GC Series using a
single taper splitless liner with quartz wool (P/N
453A1925). A Thermo Scientific™ TraceGOLD™ TG-
5MS column was used with the following dimensions:
20 m × 0.18 mm × 0.18 μm (PN 26098-5780).
The isntrument method used is reported in the Table1.
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TRACE 1310 GC Parameters 
Injection Volume (µL): 2.0 
Liner Spliless liner 
Inlet (°C): 280 
Inlet Module and Mode: Splitless 
Carrier Gas,  (mL/min): He, 1.0 
Oven Temperature  Program: 
Temperature  1 (°C): 150 
Hold Time  (min): 1 
Temperature  2 (°C): 310 
Rate (°C/min) 20 
Hold Time  (min): 4 

Table 1 Instrument method
The transition and the collision energies optimized are 
reported in Table 2.

Table 2 SRM Transition

Results
All the standards used were prepared by spiking
THCCOOH and THCCOOH-d3 into drug-free human
hair prepared following the sample preparation method
described. Each calibration standard was analyzed five
times. The TSQ 8000 Evo system provided excellent
quantitative results, the calibration curve using internal
standards showed good linearity with R2>0.996 over
0.05-1 pg/mg (Figure 1 and Figure 2).

Figure 1 Calibration curve for THCCOOH. Each
standard is injected five times.

Figure 2 Matrix spike at different concentrations of
standard

Matrix interferences were investigated for
THCCOOH by comparing standard 0.05 pg/mg and
sample drug-free labeled matrix blank (Figure 3).
Minimal interference was found.

 
TSQ 8000 Evo Mass Spectrometer Parameters 

Transfer line  (°C): 280 

Ionization type: NCI (methane) 

Ion source(°C): 200  

Electron energy (eV): 70 

Acquisition Mode: SRM 

Figure 3 Comparison between the lowest matrix
standard and the matrix blank

Figure 4 shows the quantitation, the confirming ion of
THCCOOH at 0.05 pg/mg, and the ion overlay between
Quan and confirm ion.

Figure 4. Quan, confirm, and ion overlay at 0.05
pg/mg.

To obtain the LOD, five injections of the spiked
standard 0.05 pg/mg were analyzed. The LOD was
automatically calculated by the TraceFinder software
using the studentʼs t-test method at 99% of confidence.
The LOD obtained was 0.022 pg/mg (Table 3).

Table 3. Reproducibility of 5 injections of spiked
standard 0.05pg/mg and LOD.

Conclusions
The results of this study demonstrate that the TSQ
8000 Evo system in combination with TraceFinder 3.3
software is an extremely effective tool for the routine
analysis of THCCOOH in hair samples. TraceFinder
software provides a workflow-oriented format that
allows analysts to easily create and manage methods,
acquire samples, review results and print reports. The
analytical methodology described allows the fine
determination of THCCOOH at the requested cut-off of
0.05 pg/mg. The TSQ 8000 Evo system was chosen for
this assay not only because its performance exceeds
that required for the analysis, but also because of its
ease of use and speed of analysis relative to alternative
approaches. The results show a very good linear
relationship in the full calibration range of 0.05 to 1.00
pg/mg. Moreover, thanks to the vacuum probe interlock
(VPI), on TSQ 8000 Evo GC-MS/MS system you can
change between CI and EI mode in two minutes
without breaking the vacuum. TSQ 8000 Evo system
gives unstoppable productivity to toxicological labs
where some analytes require CI mode (like THCCOOH)
while other analytical methods need EI (THC).
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pg/mg.

To obtain the LOD, five injections of the spiked
standard 0.05 pg/mg were analyzed. The LOD was
automatically calculated by the TraceFinder software
using the studentʼs t-test method at 99% of confidence.
The LOD obtained was 0.022 pg/mg (Table 3).

Table 3. Reproducibility of 5 injections of spiked
standard 0.05pg/mg and LOD.

Conclusions
The results of this study demonstrate that the TSQ
8000 Evo system in combination with TraceFinder 3.3
software is an extremely effective tool for the routine
analysis of THCCOOH in hair samples. TraceFinder
software provides a workflow-oriented format that
allows analysts to easily create and manage methods,
acquire samples, review results and print reports. The
analytical methodology described allows the fine
determination of THCCOOH at the requested cut-off of
0.05 pg/mg. The TSQ 8000 Evo system was chosen for
this assay not only because its performance exceeds
that required for the analysis, but also because of its
ease of use and speed of analysis relative to alternative
approaches. The results show a very good linear
relationship in the full calibration range of 0.05 to 1.00
pg/mg. Moreover, thanks to the vacuum probe interlock
(VPI), on TSQ 8000 Evo GC-MS/MS system you can
change between CI and EI mode in two minutes
without breaking the vacuum. TSQ 8000 Evo system
gives unstoppable productivity to toxicological labs
where some analytes require CI mode (like THCCOOH)
while other analytical methods need EI (THC).

Introduction

The purpose of this poster is to optimize the analytical
setup for the determination of THCCOOH in hair using
GCMS triple-quadrupole technology for highest level of
sensitivity. Analysis of 11-nor-D9-tetrahydrocannabinol-
9-carboxylic acid (THCCOOH) in hair is becoming one
of the most common application for hair analysis. This
relevance lies in the necessity to obtain evidence of
effective drug consumption and dispel any doubt of
passive hair contamination through air.
When cannabis is consumed, THC is mainly adsorbed
by hair during exposure to side stream smoke. For this
reason, positive THC findings are possible in hair
analysis at low concentration ranges also for individuals
who did not consume cannabis, but were exposed to
cannabis smoke. Detection of metabolites, instead,
allows to distinguish ingestion (effective drug
consumption) from contamination. Delta 9 THC (THC)
is the most commonly abused illicit drug and the main
metabolites generated in the body are 11-
hydroxytetrahydrocannabinol (THC-OH) and
THCCOOH.
The purpose of reducing the possibility of false
positives due to external contamination events, has
induced SAMHSA to recommend guidelines that set the
cut-off concentrations for cannabinoids in hair at 1
pg/mg for screening and 0.05 pg/mg of THCCOOH for
confirmation testing. THCCOOH is the most abundant
metabolite, but its concentration in hair is very low.
Therefore, this determination can be extremely
challenging also due to the low amount of hair sample
typically available for analysis. Besides, the chemical
background from the matrix may limit the detection
levels required for this assay.
A sensitive and selective method was developed using
the TSQ8000Evo™ GC-MS/MS as a powerful
technology capable of increasing the signal to noise
ratio and allow the quantitation of THCCOOH in hair at
picograms level.

Method
Sample preparation: The analyte extraction from the
matrix was performed via liquid extraction with 4 mL n-
hexane:ethyl acetate (9:1). Dried extracts were
derivatized with 50 μL PFPA and 25 μL HFIP at 70 °C
and then were reconstituted in 50 μL hexane; 2 μL was
analyzed by GC-MS/MS in NCI mode for the
determination of THCCOOH.

Instrument method: To provide a comprehensive view
of method development and validation, the details for
sample preparation, acquisition and analysis are
described in detail below. It is an essential requirement
that any analytical method is fully validated using hair
matrix. The analysis was performed using Thermo
Scientific™ TriPlus™ RSH Liquid Autosampler
mounted on a Thermo Scientific™
TSQ™ 8000 Evo GC-MS/MS system. Data collection
and processing was performed using Thermo
Scientific™ Trace Finder™ software. The system was
equipped with one Instant Connect Split/Splitless
Injector for the TRACE™ 1300 GC Series using a
single taper splitless liner with quartz wool (P/N
453A1925). A Thermo Scientific™ TraceGOLD™ TG-
5MS column was used with the following dimensions:
20 m × 0.18 mm × 0.18 μm (PN 26098-5780).
The isntrument method used is reported in the Table1.
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Rate (°C/min) 20 
Hold Time  (min): 4 

Table 1 Instrument method
The transition and the collision energies optimized are 
reported in Table 2.

Table 2 SRM Transition

Results
All the standards used were prepared by spiking
THCCOOH and THCCOOH-d3 into drug-free human
hair prepared following the sample preparation method
described. Each calibration standard was analyzed five
times. The TSQ 8000 Evo system provided excellent
quantitative results, the calibration curve using internal
standards showed good linearity with R2>0.996 over
0.05-1 pg/mg (Figure 1 and Figure 2).

Figure 1 Calibration curve for THCCOOH. Each
standard is injected five times.

Figure 2 Matrix spike at different concentrations of
standard

Matrix interferences were investigated for
THCCOOH by comparing standard 0.05 pg/mg and
sample drug-free labeled matrix blank (Figure 3).
Minimal interference was found.
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determination of THCCOOH at the requested cut-off of
0.05 pg/mg. The TSQ 8000 Evo system was chosen for
this assay not only because its performance exceeds
that required for the analysis, but also because of its
ease of use and speed of analysis relative to alternative
approaches. The results show a very good linear
relationship in the full calibration range of 0.05 to 1.00
pg/mg. Moreover, thanks to the vacuum probe interlock
(VPI), on TSQ 8000 Evo GC-MS/MS system you can
change between CI and EI mode in two minutes
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