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Essential to forensic laboratories is the desire to find a more
sensitive, rapid method of analyzing ∆∆9-tetrahydrocannabinol
(THC) and metabolite in biological specimens. Disposable pipette
extraction (DPX) is a valuable method in extracting THC and 11-
nor-∆9-tetrahydrocannabinol-9-carboxylic acid (THCc) in blood
and THCc in urine. Less waste and solvent usage; smaller
specimen volume; clean chromatograms; and utilization of low-
cost equipment and consumables were achieved using this
method. Differing from traditional solid-phase extraction devices,
DPX uses loosely packed sorbent allowing thorough mixing with
the specimen without requiring vacuum for elution. Prior to
extraction, urine specimens were hydrolyzed and proteins
precipitated from blood. Specimen volume requirements were 1
mL of blood and 0.2 mL of urine. The limits of quantitation for
THC and THCc in blood were 1 and 2 ng/mL, respectively, and 3
ng/mL for THCc in urine. With R2 values ≥ 0.99, blood calibration
curves were linear from 1 to 200 ng/mL and 2 to 500 ng/mL for
THC and THCc, respectively, with urine THCc linear from 3 to
2000 ng/mL.

Introduction

Marijuana is a commonly abused drug because of its central
nervous system depressant effects and its hallucinogenic prop-
erties. The primary pharmacologically active component in
marijuana is ∆9-tetrahydrocannabinol (THC). The pathway

for metabolism and excretion of THC leads primarily to the
formation of 11-hydroxy-∆9-tetrahydrocannabinol (THCoh),
which further metabolizes to 11-nor-∆ 9-tetrahydro-
cannabinol-9-carboxylic acid (THCc) (1). Unchanged THC ex-
ists in urine in only trace amounts, and THCoh accounts for
only 2% of the excreted dose (2). The detection of THCc and
its conjugates, which are the major urinary metabolites of
THC, is also important in determining exposure to marijuana.
The detection of THC in blood is important in human perfor-
mance and postmortem toxicology in order to correlate recent
drug use with impaired performance or behavior. Detection
and quantification of low blood concentrations of THC are
 required because of THC’s short half life and the time gap that
occurs between the collection of the specimen and the human
performance event. Because of marijuana’s popularity and
frequency of abuse, forensic toxicology laboratories must have
a rapid, sensitive, and inexpensive method for determining the
presence of major marijuana constituents in biological spec-
imens. In addition, Ohio Department of Health (ODH)
regulations require all laboratories in Ohio to report con-
centrations of THC and THCc in blood specimens down to
2 and 5 ng/mL, respectively, and 15 ng/mL THCc in urine.
Methods consisting of liquid–liquid and solid-phase extrac-
tion (SPE) have been published (3–20). These methods focus
primarily on the separation of acidic and basic fractions,
 resulting in two separate chromatographic analyses for THC
and THCc.
Disposable pipette extraction (DPX) (21) is a valuable

method in confirming and quantifying THC and metabolites in
blood, plasma, serum, and urine specimens. DPX is a unique
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SPE method by which the loose sorbent, styrene divinylben-
zene (SDVB), is maintained in a pipette tip and thoroughly
mixes with the specimen solution. This reduces the time re-
quired for extraction by minimizing several conditioning steps,
reducing the volume of solvent required for elution, and elim-
inating the need for vacuum-controlled elution. In addition,
only minimal amounts of specimen were needed to achieve the
sensitivity required with elimination of matrix interferences.
DPX coupled with gas chromatography–mass spectrometry
(GC–MS) was chosen for this analysis based on cost and the de-
sire to use instrumentation standard to most forensic labora-
tories. Specimen preparation was minimal with protein
precipitation of blood and urine hydrolysis prior to extrac-
tion. Specimens were derivatized followed by GC–MS analysis
under a specific temperature program, generating a single
chromatogram for both THC and THCc. This method was val-
idated resulting in exceptional sensitivity, precision, accuracy,
linearity, and recovery data with all goals being met or ex-
ceeded.

Materials and Methods

Reagents and consumables
Acetonitrile, hexanes, ethyl acetate, methanol, glacial acetic

acid, potassium hydroxide, disposable 16 × 100 round-bottom
centrifuge tubes, 10-mL conical screw-cap vials, Eppendorf
air displacement pipettes (100–1000-µL capacity), and dispos-
able Pasteur pipettes were all purchased from Fisher Scientific
(Fairlawn, NJ). Acetonitrile, methanol, and ethyl acetate were
high-performance liquid chromatography (HPLC) grade; hex-
anes were Optima grade; and potassium hydroxide was A.C.S.
grade. N,O-Bis-(trimethylsilyl)trifluoroacetamide catalyzed
with 1% trimethylchlorsilane (BSTFA with 1% TMCS) was
purchased from United Chemical Technologies (Bristol, PA).
DPX tips (1- and 5-mL capacity) and 10-mL capacity syringes
with adapters were provided by DPX Labs (Columbia, SC).
Silanized 12 × 32-mm clear autosampler vials and 11-mm
crimp caps with Teflon liners were purchased from Microliter
Analytical Supplies (Suwanee, GA). Distilled water was pur-
chased from Crystal Water (Dayton, OH). A DB5-MS capillary
column, pesticide-grade glass wool, and split/splitless silanized
inlet liners were purchased from Agilent Technologies (Palo
Alto, CA).

Standards and controls
The control for urine specimens was DAU-II-C, 18 ng/mL

THCc in urine, and was purchased from UTAK Laboratories
(Valencia, CA). The control for blood specimens consisting of
THCc (1 mg/mL in methanol) was purchased from Lipomed
(Cambridge, MA) and THC (100 µg/mL in methanol) was pur-
chased from Alltech Associates (Deerfield, IL). Purchased from
Cerilliant (Round Rock, TX), THC (1 mg/mL in methanol)
and THCc (1 mg/mL and 100 µg/mL in methanol) were used to
prepare the calibration curve with THC-d3 (100 µg/mL in
methanol) and THCc-d3 (1 mg/mL in methanol) used as the in-
ternal standards.

Calibrator, control, and case specimen preparation
Blood specimens. The blood matrix used for calibrators and

controls was obtained from the Community Blood Center
(Dayton, OH) and was first analyzed by screening the blood
using ELISA immunoassay. After negative screening results
were obtained, additional conformation was achieved by using
the DPX method of extraction followed by GC–MS detection to
determine the absence of THC and THCc. All three ions char-
acteristic of THC (386, 371, and 303) and THCc (473, 371,
and 488) were absent from the negative matrix, and the in-
ternal standard areas remained consistent with the calibrators
and controls. Calibrators were prepared in whole blood at con-
centrations of 5, 10, 50, and 100 ng/mL for THC and 25, 50,
250, and 500 ng/mL for THCc. All calibrators were dried down
at 40°C under nitrogen prior to the addition of 1 mL negative
blood matrix. Controls were prepared at concentrations of 5
and 25 ng/mL for both THC and THCc under the same condi-
tions as the calibrators. Calibrators and controls were then
vortex mixed for 45 s after the addition of negative blood. All
case specimens and negative control were aliquoted into the
corresponding tubes at a volume of 1 mL. All calibrators, con-
trols, and case specimens were spiked with 50 µL of 500 ng/mL
THC-d3 and 2500 ng/mL THCc-d3, both in methanol, corre-
sponding to final concentrations of internal standard at levels
of 25 and 125 ng/mL, respectively.

Urine specimens. The urine matrix used for calibrators and
negative control was obtained from laboratory personnel and
was first analyzed by screening the urine using ELISA im-
munoassay. After negative screening results were obtained,
additional conformation was achieved by using the DPX
method of extraction followed by GC–MS detection to deter-
mine the absence of THCc. All three ions characteristic of
THCc (473, 371, and 488) were absent from the negative ma-
trix, and the internal standard areas remained consistent with
the calibrators and controls. Calibrators were prepared in
urine at concentrations of 10, 50, 100, and 500 ng/mL. All
calibrators were dried down at 40°C under nitrogen prior to
the addition of 0.2 mL negative urine matrix. Calibrators were
then vortex mixed for 45 s after the addition of negative urine.
UTAK control DAU-II-C, containing 18 ng/mL THCc, was
aliquoted in duplicate using 0.2 mL of specimen. All case spec-
imens and negative control were aliquoted into the corre-
sponding tubes at a volume of 0.2 mL. All calibrators, controls,
and case specimens were spiked with 0.020 mL of 2000 ng/mL
THCc-d3 diluted in methanol; corresponding to a final con-
centration of 200 ng/mL of internal standard.

Specimen pretreatment
Blood specimens. Proteins were precipitated in all calibra-

tors, controls, and case specimens by the addition of 1.5 mL of
acetonitrile (kept at room temperature). Processing three spec-
imens at a time, each was vortex mixed for 45 s. After cen-
trifugation (10 min at 3000 rpm), the supernatant was
transferred to a disposable culture tube. Each corresponding
supernatant was treated with 2 mL distilled water and vortex
mixed for 5 s.

Urine specimens. All calibrators, controls, and case speci-
mens were chemically hydrolyzed by addition of 20 µL of 12 M
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KOH. Specimens were vortex mixed for 10 s and placed in a
heating block for 20 min at 70°C. All specimens were then
cooled to room temperature prior to extraction. Specimens
were then treated with 300 µL 50% glacial acetic acid and
vortex mixed briefly.

Extraction procedure
To process multiple specimens, wash and elution solvents

were pre-dispensed into separate disposable culture tubes and
placed in corresponding adjacent rack positions. The wash
solvent for extraction of blood specimens consisted of 800 µL
of 33% acetonitrile in water, and the elution solvent consisted
of 800 µL of 50% ethyl acetate in acetonitrile. Urine specimen
extraction only required 400 µL of wash and elution solvents.
Using multiple 10-mL disposable syringes with adaptors or
several Eppendorf air displacement pipettes (100–1000 µg/mL),
several specimens could be processed almost simultaneously to
improve laboratory throughput.
Blood specimen extraction used a 10-mL capacity syringe at-

tached to a 5-mL capacity DPX tip, and urine extraction was
performed using a 1-mL capacity DPX tip attached to an Ep-
pendorf pipette. The loose sorbent was conditioned by drawing
up 800 µL (400 µL for urine extraction) of 33% acetonitrile in
water and dispensing the wash back into the same culture
tube. The specimen mixture was drawn up into the tip al-
lowing a sufficient volume of air to mix with the sorbent. Ap-
proximately 1 min was allowed for each mixture to equilibrate.
The next specimen mixture was treated the same way while
equilibration of the previous specimen took place. After equi-
libration, the mixture was dispensed back into the original
tube. The sorbent was then washed again by drawing up the
original 800 µL (400 µL for urine extraction) of 33% acetoni-
trile in water and dispensing the waste back into the same
tube. THC and/or THCc was then eluted by drawing up 800 µL
(400 µL for urine extraction) of 50% ethyl acetate in acetoni-
trile, dispensing the eluent back into the original tube, then re-
drawing the eluent and dispensing into a clean 10-mL conical
screw-cap tube with no equilibration time needed. After al-
lowing the eluent and aqueous waste to settle into two layers,
the top layer (containing the desired analytes) was transferred
into a conical silanized auto sampler vial using a disposable
Pasteur pipette. The eluent was then concentrated to com-
plete dryness by drying down under nitrogen at 40°C. Each
concentrate was allowed to come to room temperature prior to
derivatization.

Derivatization procedure
The concentrate was treated with 20 µL ethyl acetate and 

20 µL BSTFA with 1% TMCS, crimp-capped, and vortex mixed
for 45 s. Derivatization occurred by heating each re-constituted
vial at 90°C for 30 min. The vials were cooled to room tem-
perature and placed in the corresponding position in the auto
sampler rack. When using conical (high recovery) vials, the
specimens were injected directly from the vials without any
further handling. 

GC–MS analysis
The GC was an Agilent Technologies 6890N equipped with a

5973 mass selective detector (MSD). The GC column used was
a DB5-MS (30 m, 0.25-mm i.d., 0.25-µm film thickness) from
J&W Scientific. A specimen volume of 2 µL was injected into
the front inlet, under splitless mode, that contained a newly
silanized liner packed with glass wool. The front inlet was
equipped with a Merlin microseal. The inlet pressure was 19.1
psi with a total flow of 44.8 mL/min. The purge was set at 40
mL/min with a purge time of 2 min. The carrier gas used was
helium and a constant flow rate was set at 2 mL/min with an
average velocity of 52 cm/s. The injector temperature was set
at 250°C with the transfer line temperature set to 310°C. The
oven temperature program began with an initial temperature
of 80°C for 1 min, ramping at 40°C/min to 200°C, then to
240°C at 10°C/min and holding for 5 min, with the final tem-
perature reaching 300°C by ramping 10°C/min and again
holding for an additional 5 min giving a total GC–MS run
time of 24 min.
The MS parameters utilized selected ion monitoring (SIM)

using 50 ms dwell time for each ion. Ions monitored were
*386.4, 371.2, 303.3 for THC; *389.4 for THC-d3; *473.3, 488.3,
371.2 for THCc; and *476.3 for THCc-d3 (* ions used for quan-
tification). Although not utilized in case studies, THCoh could
also be monitored using 473 for THCoh and 476 for THCoh-d3.
It should be noted that the Montgomery County Coroner and
Miami Valley Regional Crime Laboratory does not use qualifier
ions for deuterated internal standards. If qualifier ions are re-
quired under individual laboratory protocol, then 374 and 306
can be used for THC-d3 and 374 and 491 can be used for THCc-
d3 when using this procedure. The detector was turned on at
8 min and turned off at 19 min with a solvent delay of 5 min.
The electron multiplier volts were set at 200 V above the cur-
rent auto tune voltage.

Method validation
Blood specimens. Linearity studies were performed for THC

and THCc by spiking negative blood matrices at concentrations
of 1, 2, 5, 10, 50, 100, 200, and 500 ng/mL for THC and at 1, 2,
5, 10, 25, 50, 250, and 500 ng/mL for THCc. Linearity was de-
termined based on the range of concentrations resulting in an
r2 value ≥ 0.99. Blood specimens fortified with THC and THCc
were assayed against the determined calibration curve in du-
plicate at levels of 2, 3, 4, 5, 10, 25, 50, 100, 200, and 500
ng/mL. Concentration levels at 1 ng/mL for each analyte were
measured by spiking four blood matrices. The lower limit of
quantitation (LLOQ) and the upper limit of quantitation
(ULOQ) was the measure of concentration that differed from
the target concentration by no more than 20% in addition to
maintaining the same criteria as the LOD required. The limit
of detection (LOD) was the lowest level of drug that could be
identified when all three ion area ratios specific to THC and
THCc were within ± 20% of the mean area (ion) ratio deter-
mined from the calibrators. Within-run precision was deter-
mined by calculating the %CV of 10 blood specimens spiked
with 5 ng/mL and 10 blood specimens spiked with 25 ng/mL of
THC and THCc. Between-run precision was determined by
calculating the %CV for both THC and THCc at 5 and 25
ng/mL levels (n = 15) obtained from five separate extractions.
Within-run accuracy was obtained by determining the mean
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concentration of 10 controls each for THC and THCc, each at
levels of 5 and 25 ng/mL. Between-run accuracy was deter-
mined under the same conditions as within-run accuracy;
however, 15 controls were measured over 5 separate extrac-
tions. The mean concentration obtained for accuracy purposes
must be within 20% of the known target concentration.
Both THC and THCc were also independently verified by

the completion of a proficiency test provided by the College of
American Pathologists (CAP). Percent recoveries (%R) were de-
termined by extracting blood specimens, fortified with THC
and THCc, in duplicate at levels corresponding to the cali-
brator concentrations. The specimens were spiked with THC
and THCc prior to protein precipitation and the internal stan-
dard was added to the final silanized conical vial. The external
standard was prepared by spiking the final silanized conical vial
with each corresponding calibrator concentration and internal
standard for each analyte. The ratios of the extracted spec-
imen and internal standard were measured against the un-ex-
tracted specimen and internal standard. 

Urine specimens. Linearity studies were performed for THCc
by spiking negative urine matrices at concentrations of 1, 2, 3,
4, 5, 10, 50, 100, 500, 1000, 2000, 3000, and 5000 ng/mL. Lin-
earity was determined based on the range of concentrations 
resulting in an r2 value ≥ 0.99. Urine specimens fortified with
THCc were assayed against the determined calibration curve 
in duplicate at levels of 1, 2, 3, 4, 10, 1000, 2000, 3000, 4000,
and 5000 ng/mL. The LLOQ, ULOQ, LOD, and percent recov-
eries were measured in the same fashion as the blood speci-
mens. In determining the percent recoveries for urine, the
specimens were spiked with THCc prior to hydrolysis. Within-
run precision was determined by calculating the %CV of 10
urine UTAK specimens (certified at 18 ng/mL), five urine spec-
imens spiked at 3 ng/mL, and four urine specimens spiked at
1000 ng/mL. Between-run precision was determined by calcu-
lating the %CV of 18 UTAK specimens (certified at 18 ng/mL)
from five separate extractions. Within-run accuracy was ob-
tained by determining the mean concentration of 10 UTAK
DAU-II-C controls for THCc, with a target concentration of 18
ng/mL. In addition, within-run accuracy was also determined
by measuring controls at the LLOQ level of 3 ng/mL (n = 5)
and the ULOQ level of 1000 ng/mL (n = 4). Between-run ac-
curacy was determined under the same conditions as within-
run accuracy; however, 18 UTAK DAU-II-C controls were
measured over 5 separate extractions. The mean concentration
obtained for accuracy purposes must be within 20% of the
known target concentration.

Results

Method validation
Blood specimens. All calibrators were spiked using Ceril-

liant standards for both THC and THCc and all controls were
spiked using Alltech certified standards for THC and Lipomed
certified standards for THCc. THC was linear from 1 ng/mL to
200 ng/mL, and THCc was linear from 2 ng/mL to 500 ng/mL,
with r2 values > 0.99. Calibration plots of THC and THCc from

this method are shown in Figure 1. The LLOQ/LOD for THC
and THCc were determined by running four blood matrices for-
tified with 1 ng/mL THC and THCc. THC resulted in an
LLOQ/LOD of 1 ng/mL based on running each 1 ng/mL spec-
imen against a calibration curve containing the following
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Figure 2. Extracted ion chromatograms of THC (A) and THCc (B) at 1 and
2 ng/mL, respectively, using a 1-mL specimen volume. The target and
qualifier ions for THC are 386, 371, and 303, respectively. The target and
qualifier ions for THCc are 473, 371, and 488, respectively.

Figure 1. Calibration plots for THC (A) at 5, 10, 50, and 100 ng/mL and
for THCc (B) at 25, 50, 250, and 500 ng/mL in whole blood.

A

B
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points (5, 10, 50, and 100 ng/mL) and each of those four values
were ± 20% of the expected concentration. THCc resulted in
concentrations differing from the expected value by more than
± 20% for three of the four 1 ng/mL specimens when assayed
against a calibration curve at levels of 25, 50, 250, and 500
ng/mL. Therefore, the remaining duplicate blood matrices for-
tified with 2 ng/mL of THCc, under the same conditions, were
within ± 20% of the expected concentration resulting in a
LOD/LLOQ of 2 ng/mL. All duplicate concentrations of THC
and THCc that were assayed were measured against the same
calibration curves. Calibration ranges were set by this labora-
tory for routine use and can be changed by any laboratory that
chooses to use this method in their routine analysis of THC and
THCc in blood. Because this method was validated and proven
to have an LOQ of 1 ng/mL for THC and 2 ng/mL for THCc,
those concentration levels are not included with each assay ex-
tracted and analyzed. However, those concentration levels
should be included at least periodically when new batches of
pipette tips are received or when a new working standard or
working control is made. In addition, a 1:5 dilution of the
lowest THC and THCc control could be added to each analysis
if the individual laboratory deems it necessary. Concentrations
ranging from 1 to 100 ng/mL for THC and from 2 to 500
ng/mL for THCc were within ± 20 of the target value; therefore,
also providing the ULOQ for both analytes. A GC–MS chro-
matogram at the limit of detection is shown in Figure 2. The
area ratios for the corresponding ions for THC (386, 371, and
303) and THCc (473, 488, and 371) were all
within ± 20% of the mean of all four calibrator
area ratios. 
The % CV, when determining within-run

precision, was 3.5% and 2.3% for THC and
2.6% and 2.8% for THCc at 5 and 25 ng/mL,
respectively (n = 10). The % CV, when deter-
mining between-run precision, was 5.5% and
2.9% for THC and 5.4% and 2.5% for THCc at
5 and 25 ng/mL, respectively (n = 15 over five
separate extractions). The LOD, LLOQ, ULOQ,
and % CV for THC and THCc are shown in
Table I. The within-run accuracy of 10 controls
each at target concentrations of 5 and 25
ng/mL for THC and THCc, as well as the be-
tween-run accuracy of 15 controls obtained
from 5 separate extractions at the same target
concentrations for each analyte are shown in
Table II. The percent recoveries of both THC
and THCc in the blood were approximately
60% and 50%, respectively. Outside profi-
ciency testing was performed using the Col-
lege of American Pathologists (CAP). Using
this extraction procedure and method of anal-
ysis, the standard deviation results from ana-
lyzing THC and THCc in serum specimens
from CAP are reported in Table III.

Urine specimens. All calibrators were spiked
using THCc certified by Cerilliant. Linearity
for THCc in urine specimens ranged from 3 to
2000 ng/mL with an r2 value > 0.99. Calibra-

tion levels chosen for this method were 10, 50, 100, and 500
ng/mL. All validation values obtained were measured by as-
saying THCc against these calibration points. The calibration
plot at these corresponding concentrations is displayed in
Figure 3. Lipomed was used to make all controls used in this
validation except when referencing the 18 ng/mL control
(UTAK DAU-II-C). The LOD and LLOQ for THCc was deter-
mined to be 3 ng/mL, with 1 ng/mL being undetectable, and 2
ng/mL within ± 20% of the target, but not complying with the
calibrator area ratio requirements. Duplicate measurements at
3, 4, 10, and 1000 ng/mL were all found to be ± 20% of the
target concentration, with the ULOQ determined to be 1000
ng/mL. A GC–MS chromatogram at the limit of detection is
shown in Figure 4. All area ratios for the corresponding ions for
THCc (473, 488, and 371) were within ± 20% of the mean of all
four calibrator area ratios.
The % CV when determining within-run precision was 1.3%

at 18 ng/mL (n = 10), 3.6% at 3 ng/mL (n = 5), and 0.8% at
1000 ng/mL (n = 4). The between-run precision was deter-
mined using 18 controls at 18 ng/mL levels obtained over 5
separate extractions resulting in a %CV of 4.0%. Within-run ac-
curacy of 10 UTAK DAU-II-C controls was found to contain a
mean concentration of 20.9 ng/mL of THCc. With the weighed
in value at 3 ng/mL and 1000 ng/mL, the mean values ob-
tained were 3.1 ng/mL (n = 5) and 811.6 ng/mL (n = 4), re-
spectively. Statistical data for THCc validation in urine are
found in Tables IV and V.

Table III. Proficiency Testing Results from the College of American
Pathologists using the DPX Method of Analysis for Quantitation of THC and
THCc in Blood, Plasma, or Serum Specimens

Specimen Mean Result/# of Standard Deviation and 
Analyte Type Our Result Laboratories Participating Standard Deviation Indexes

THC Serum 12.0 10.41 (14 Labs) 0.87/+1.8
THCc Serum 26.0 31.22 (18 Labs) 4.24/–1.2

Table II. Mean Concentrations (ng/mL) in Whole Blood for THC and THCc
Assayed Against the Calibration Curves to Determine Within- and Between-
Run Accuracies

Accuracy at Accuracy at Accuracy at Accuracy at
5 ng/mL 25 ng/mL 5 ng/mL 25 ng/mL 

Analyte (Within Run) (Within Run) (Between Run) (Between Run)

THC 5.0 (n = 10) 26.3 (n = 10) 5.2 (n = 15) 26.5 (n = 15)
THCc 5.1 (n = 10) 26.5 (n = 10) 5.3 (n = 15) 26.7 (n = 15)

Table I. Statistical Data for the Validation of THC and THCc in Whole Blood

% CV at % CV at % CV at % CV at 
LOD/ 5 ng/mL 25 ng/mL 5 ng/mL 25 ng/mL 

Analyte LOQ ULOQ (Within Run) (Within Run) (Between Run) (Between Run)

THC 1 100 3.5 (n = 10) 2.3 (n = 10) 5.5 (n = 15) 2.9 (n = 15)
THCc 2 500 2.6 (n = 10) 2.8 (n = 10) 5.4 (n = 15) 2.5 (n = 15)
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Discussion
The statistical data shown were far more acceptable than

standard criteria required when DPX was used to extract THC
and THCc from blood and THCc from urine. The percent re-
coveries in blood were expected to be at lower levels, consid-
ering that some losses are attributed to the protein
precipitation step. The recoveries of THCc in blood can be im-
proved by adding acid (e.g., 0.1 M HCl) to the specimen solu-
tion instead of water, but this increased interferences for THC
analysis, presumably from fatty acid compounds. Another way
to improve recoveries of both THC and THCc was to perform
a second elution step or to add elution solvent from the top of
the DPX tip (through the upper barrier). However, this only
provided slight improvement in recoveries and increased the
time and solvent usage for this extraction. Therefore, from
the data listed in Tables II and III, it was not essential to im-

prove the recoveries because the detection and quantification
limits, as well as reproducibility for both analytes, were more
than acceptable to this laboratory. The ULOQ can be higher
than this method lists for both blood and urine analyses by re-
constituting with larger volumes of BSTFA + 1% TMCS and
ethyl acetate. The higher ULOQ was achieved for both blood
and urine analyses, but when larger volumes were used to re-
constitute THC and THCc, the resulting LOD and LLOQ con-
centrations were not achieved at the low levels reported here.
The chromatograms are characterized with negligible in-

terferences, even for postmortem case specimens including
cavity blood and various decomposed specimens. The carrier
gas flow was originally increased from 1 to 2 mL/min to sepa-
rate an interfering artifact from co-eluting with THCc at the
488 ion. The increased flow rate was also found to slightly im-
prove the sensitivity by helping to sharpen the peak widths that
have been consequently broadened by the temperature ramp
conditions. After the temperature reached 240°C, a hold time
of 5 min was necessary to remove any interferences with THC.
Maintaining a final hold time of 5 min was also necessary be-
cause of the elution of a large artifact near the end of the run.
If not burned off in the detector, the artifact would elute at the
same retention time as THC in every injection that followed.
The use of an HP5-MS column, instead of a DB5-MS column,
resulted in enough variation in the stationary phase that the
THCc was unable to be separated from the artifact occuring at
the 488 ion. Methanol was substituted as the wash solvent, in-
stead of 33% acetonitrile to eliminate the formation of two
layers in the final elution; however, the recoveries of THCc
were dramatically reduced.
Also worth noting is that the THCoh metabolite is also

readily detected in this procedure (22). The GC–MS parameters
do not have to be changed for its analysis, as the target ion is
371 (and 374 for THCoh-d3). Its retention time is between
THC and THCc, and no interfering peaks have been detected in
our studies. Unfortunately, a suitable qualifier ion for the
BSTFA derivative of OH-THC does not afford its detection at
very low levels, though the target ion (371) is detectable well
below 1 ng/mL (LOD at approximately 0.20 ng/mL). This
metabolite was not analyzed in this particular study or the ac-

companying forensic case studies. 
The limit of sensitivity for urine specimens in

this method was based on the lowest intensity
of the qualifier ions (488) and the fact that only
0.2 mL of urine was used. Nevertheless, this
detection limit is well below threshold levels
used for immunoassay screening of THC
metabolites. This procedure can be readily
adapted to larger specimen volumes such as 1
mL of urine using the 5-mL DPX-RP tips,
which would provide lower detection limits.

Forensic case studies
The Montgomery County Coroner and

Miami Valley Regional Crime Laboratory have
used this method of analysis since 2003 (23).
With thousands of antemortem and post-
mortem cases analyzed for THC and THCc in

Figure 4. Extracted ion chromatogram of THCc in urine at the limit of de-
tection, 3 ng/mL, using a 0.2 mL specimen volume.

Figure 3. Calibration plot of THCc at 10, 50, 100, and 500 ng/mL in
urine.

Table V. Mean Concentrations (ng/mL) in Urine for THCc Assayed Against
the Calibration Curve to Determine Within- and Between-Run Accuracies

Accuracy at Accuracy at Accuracy at Accuracy at 
18 ng/mL 18 ng/mL 3 ng/mL 1000 ng/mL 

Analyte (Within Run) (Within Run) (Between Run) (Between Run)

THCc 20.9 (n = 10) 20.6 (n = 18) 3.1 (n = 5) 811.6 (n = 4)

Table IV. Statistical Data for the Validation of THCc in Urine

% CV at % CV at % CV at % CV at 
LOD/ 18 ng/mL 18 ng/mL 3 ng/mL 1000 ng/mL 

Analyte LOQ ULOQ (Within Run) (Within Run) (Between Run) (Between Run)

THCc 3 1000 1.3 (n = 10) 4.0 (n = 10) 3.6 (n = 5) 0.8 (n = 4)
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blood and THCc in urine, the following are just two examples.
Case 1. A white male, 20 years of age, was found dead in a

wooded area behind his house. He was found with a nylon rope
around his neck, securely tied to a tree. He had a history of past
suicide attempts. The cause of his death was hanging, and it was
ruled a suicide. The subclavian blood was decomposed and found
to contain 7 ng/mL THC and 53 ng/mL THCc. The GC–MS
chromatogram of the decomposed blood is shown in Figure 5.

Case 2. A white male, 48 years of age, was found off the side
of a bike path with his feet still attached to the stirrups. The
cause of death was ruled cardiac dysrhythmia due to compli-
cations of mycocarditis, and the manner of death was natural.
Femoral blood was found to contain 28 ng/mL THC and 176
ng/mL THCc with 230 ng/mL THCc measured in the urine.
The GC–MS chromatogram of the urine specimen of this case
is shown in Figure 6.

Future studies
Future work focuses on automation and semi-automation.

By using the GERSTEL MPS (multi-purpose sampler) and CIS
(cool inlet system), the analysis can be completely automated,
including the DPX extraction, chemical derivatization and
chromatographic injection. Also, a DPX extractor has been de-
veloped that will extract 24 specimens simultaneously. This
semi-autosampler improves laboratory throughput and greatly
simplifies manual SPE. The only problem associated with this
method is that the silanized GC–MS liners had to be discarded
after 40–50 injections because of a black residue adhering to
the glass. It would be preferable to be able to acid clean and re-
silanize liners to save in laboratory costs; however, this residue
is too damaging to the liner for recycling to be performed.
This residue is believed to be produced by the addition of 50%
glacial acetic acid with the SDVB sorbent. In order to eliminate
its production, 0.040 mL 6 M HCl (desirable around pH 3–4)
was used in place of the 50% glacial acetic acid following the
hydrolysis step. This replacement of acidifying agent has
proven to eliminate the production of the black residue in the
silanized liners following several injections of the urine spec-
imens. This is just a suggestion to modify the method ac-
cording to individual laboratory needs.

Conclusions

This DPX method has been validated for use in forensic case
specimens for the analysis of THC and its metabolite(s) in blood
and THCc in urine. It is very reliable, fast, and easy to perform.
This method is ideal for laboratories performing high
throughput analyses because of the assembly line type of ex-
traction technique. Sensitivity, accuracy, precision, and repro-
ducibility for both blood and urine analysis has proven to be
exceptional and would be an asset to any forensic laboratory.
Other methods are just as sensitive using GC–MS, but are gen-
erally more sensitive using LC–MS or LC–MS–MS. GC–MS was
chosen to analyze these specimens because most laboratories
have one or more of these instruments and are under extensive
budget restrictions if operated by government entities. LC–MS
and LC–MS–MS systems are often not an option for such labo-
ratories. This method was incorporated when conventional SPE
was found to be unreliable when dealing with postmortem
specimens. Difficult postmortem specimens were often unable
to flow thoroughly, or at all, through the SPE columns, even
when using a vacuum manifold to dictate flow. All goals were
met and exceeded those requirements administered by the Ohio
Department of Health. In addition, the Montgomery County
Coroner and Miami Valley regional Crime Laboratory have suc-
cessfully used this method of extraction since 2003.
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